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Implementation und Anwendung der 
multinominalen logistischen Regression 
mit „fixed effects“ 
Klaus Pforr
Fixed-effects-Modelle sind zu einem wichtigen Werkzeug der Kausalanalyse geworden, da sie die Kontrolle von un-
beobachteter Heterogenität ermöglichen. Bis heute wurden fixed-effects-Modelle für kontinuierliche und dichotome 
abhängige Variablen entwickelt und für viele Statistikpakete implementiert. Für multinominale abhängige Variable 
wurde von Chamberlain (1980) ein solches Modell entwickelt, es liegt aber keine allgemein anwendbare Umsetzung 
vor. Die vorliegende Arbeit schließt diese Forschungslücke mit der ersten Umsetzung des Modells von Chamberlain in 
einem weitverbreiteten Statistikpaket (Stata). Die Anwendbarkeit wird durch Erweiterungen der Arbeiten von Schröder 
(2010) im Bereich der Familiensoziologie und Kohler (2005) im Bereich der politischen Soziologie gezeigt.
Fixed effects models have become a prime tool for causal analysis, as they allow to control for unobserved hetero-
geneity. As of today, fixed effects models have been derived and implemented for many statistical software packages 
for continuous, dichotomous and count-data dependent variables. For multinomial categorical dependent variables 
such a model has been derived in a seminal paper by Chamberlain (1980), but no implementation is available. The dis-
sertation on hand closes this research gap by delivering the first implementation of Chamberlain’s model in a widely 
available statistical package (Stata). Its applicability is shown by extending Schröder’s (2010) work in the sociology of 
the family and Kohler’s (2005) work in political sociology.
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?????? ?????????????? ???? ????? ??????????? ???? ????????? ?? ??? ??????????? ???
??? ???? ??? ??????? ??? ???????? ??????? ?? ?????? ?????? ?????? ???????????????
??????????? ????? ????????????????????? ??????????? ???? ??????? ??????????? ??????
?????????????? ??????? ?? ?????? ???? ????????????? ??? ???????????? ???????????????
??? ?????? ??? ??????????? ??? ?????????? ??? ????? ???????????????? ???? ??? ??????
????????????????? ???? ????? ?????????? ??????????? ????? ???? ???? ????????? ??? ???
???????????????? ??? ???? ??????? ?? ????????? ?????????????????? ????? ???????????
?????? ??? ???????????????????? ???? ??? ????? ?? ?????? ???? ???????????? ??? ????
?????????? ??????????? ??? ?????? ????????? ??? ?????????????? ???? ????? ????????????
??? ???? ??? ??? ????? ?????????? ??????????? ???? ?????? ????? ???????????
??????? ???? ??? ??? ??????????????????????????? ??? ???????????? ?????? ????????????
?????? ????????? ??? ??? ?????? ???? ??? ??????????? ??????????? ?????? ??????? ??
??? ????????? ?????????? ?? ??????? ??????? ??????? ?????? ??? ?????? ??? ????????????
??? ?????????? ????? ??????? ????? ????? ???? ??? ????????? ??????????? ???????? ????
????????????????? ??? ??? ????????????? ???? ??? ??? ?????????? ??????? ????? ???????
??? ??????? ????? ?? ????? ??? ?? ?????? ?????? ???????????? ?????????????? ??? ?????????
??????? ???? ?????? ??????? ?????? ?? ???? ????????????? ???? ????? ??????????? ????
??????????????? ?????????? ?????? ??????? ?? ???????? ??????? ???? ??? ????????????
??????????? ??? ??????? ??????? ????????????
??? ??????
??? ?????? ??? ?? ???? ????? ??????????? ??? ????? ???? ??????? ???? ?????????????? ??? ???
????????????? ??????????????? ??? ?????? ?????????????? ?? ?????? ???? ???? ?? ??????? ?
???????? ??? ???? ????????????? ????? ??? ???????????? ?????? ??? ???????????? ??? ???
?? ???????????? ??? ??? ?????????????? ??????????? ??? ?????????? ?? ?????? ??????? ????
???????? ???? ???????????? ???????? ??????????? ???? ?????? ?? ??????? ???????????? ??
???? ?????? ??? ???????????? ??????????? ?? ??? ??????? ??? ?? ??? ????????????????????
?? ??? ??? ???????? ??? ?????????? ??? ???? ?????????? ???? ??? ??????? ??????? ????????? ????? ?? ??? ????
??????? ?? ??? ??????? ??? ??????? ?????? ?????????? ?????? ???? ??? ??? ???????? ???????? ??? ???????
????? ?????????? ??????
?? ???????????????????? ? ???? ??
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?? ????? ???????????? ???? ???? ???????? ??? ???????????????????????????? ???????????
???????? ?? ??????? ??????? ???? ??? ?????????? ????????? ??? ???????????????? ?? ????
?? ?????????? ???????????? ???? ?? ????????? ??? ??? ?????????????? ??? ??????????????
????????????? ??? ?????? ???? ??? ?????????????? ??????????????? ??????????? ????????
????????
??? ?????? ???? ??? ?????? ??????? ???? ?????????????? ??? ??? ????????? ???
???????????????? ??? ????? ???????????????? ??????? ???? ?? ??????? ? ??? ?????????
??? ???? ??????????? ??? ???????? ??? ??? ?????? ??? ???????? ?????? ???????? ?? ???
????? ? ???? ??? ??????????????? ??? ???? ??????????? ????? ????? ??? ?????? ??? ??????
?????? ???????????? ?? ?????? ???????????????? ???? ???????? ???? ????? ?????????? ?? ???
???????????? ????????????? ??? ??? ??????? ????????? ???? ??? ??????????????? ??? ???
???????? ?????? ???????? ?????? ?????? ??? ???????????? ???????? ??? ?????????????????
??? ????????????? ??? ??? ??????????? ???????? ????? ?????????? ??? ????????????????
??????? ??? ???????????
???????????????????? ? ???? ?? ??

???? ?
?????????????? ??? ????????????? ????????????
?????????????????? ??? ????? ???????
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??? ?? ???????????? ???? ??????????????? ??????? ???? ??? ?????????????? ??? ????????
??? ??? ????????????? ??????????? ???????? ???? ??? ??????????????????????????? ???
??????? ??? ??? ?????????? ??? ??? ??????????????????? ???????????? ?? ???? ?????? ????
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???????? ???? ??? ??? ??????????? ???? ???????????? ???????? ??? ??? ????????????? ??????
?????????? ?? ???? ??? ?????????? ??????? ????????? ??????????? ?????? ???????
???? ??? ???????????? ??? ????????????? ???????????? ???? ??? ??????????? ??????
????????? ??????????? ??????? ?????? ?????? ????????? ???????????? ??? ?????????????
??????????????? ?? ????? ????????????? ??????? ???????????? ???? ??? ?????????? ???
?????????????????????? ??????????? ????????? ?????? ??? ???????? ??? ??? ??????????????
??????????? ?????????????? ???????? ?????????? ???? ??? ?????? ?????? ??????????? ???
??????????????????? ?????? ???? ??? ?????????????? ??????? ??? ??????? ?? ?????? ??????
??????? ?????? ???? ??? ?????????????? ??? ??????????? ?????? ??? ????? ??? ?????????? ?
?????? ??????? ????? ????????? ??? ??????????????????? ??? ?????????? ????????????? ????
???????? ??? ??????????? ???????????? ?????? ???????????? ???????????????????????????
???????????
???????????????????? ? ???? ?? ??
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????????? ??????????????????? ???? ??? ?????????????? ????????? ????????? ?? ?????? ???
????????????? ??? ??? ???????????? ??? ?????? ??????? ???????????? ???????
??? ??????????? ???????? ?? ???????????? ???? ??????????????? ??????? ???? ??? ????
??????????? ??? ???????????????? ??? ??????? ???????????? ?????????? ??? ???????????
??? ??? ????????????? ???????????? ?????????? ?? ??????????? ??? ???? ??? ???????? ???
????? ??????? ???????? ???? ??? ????????????????????????? ??? ??????? ???????????????
??????? ???????? ???? ??? ??? ??????????? ???? ???????????? ???????? ??? ?????????????
?????? ?????????? ?? ???? ??? ?????????? ??????? ????????? ?????????? ?????? ????
????
??? ????????
?? ????????? ???? ???? ???????????? ???????? ??????????? ??? ??? ??? ??????????? ??? ?????
????????? ??? ????????????????????? ??????????? ????????? ????? ??? ???? ??????????
???????? ?????? ??? ??? ???????? ??? ????????????? ???? ??????? ?????? ??????? ???
????? ??? ??????? ??????? ?????????? ?????? ?? ??? ????? ??? ???????? ??? ??? ???????
??????? ????? ??????? ???? ??? ????????????? ????? ?????????? ???? ??? ??? ??? ??????
??????? ??????????? ?????????? ??? ??????????? ??????????? ?????????? ??? ???????? ??
??????????? ?????? ??? ?? ??????? ??? ???? ?????????????? ??????????? ??????????? ???
?????? ????????????? ??? ??? ?????? ???????????????????? ???????? ???? ??? ????????
??? ????????????? ?????? ??? ??? ?????????????? ????????? ???????????? ??? ??????????
??????????? ???? ??? ???????? ??? ???????????? ????????? ???????? ??? ??? ?????????????
??? ??????????????????? ????????????
??? ???????????????????? ?????????? ??? ???? ??????????? ??? ????????? ?????????
?????????? ??? N ????????? ??? ???????? ??????????? ???? J ????????????? ??? ????????
???? B ∈ {1, . . . , J} ??? ??? ?????????????????? ??? ???????????? ???? ??? J ????????????





???????? ?? ??? ???????????? ?????????????? ???? ?? ??? ???? ??????????? ???? ??????? ????
???? y∗j ? ????? ?? ???????
????????? ?????? M ??????????? ????????? xim ????????? ??? ???? ??? ????????
?????? ????????? ??????? ?? ?? xim ?????????? ??? ?????????? ??? m???? ????????????
???????????????????? ? ???? ?? ??
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???????? ??? ?????? i? ??? M ???????????? ????????? ?????? ??? ???????????? Xi =





x11 . . . x1M??? ? ? ? ???
xN1 . . . xNM

??????????????? ???????????? ??? ?????? ??? ???????????? ????????? Xi ??????? ?????
??????????
??? ????????????????????? ?????????? ??? ?????? ???? ??????????? ??? ????????? ????
?????? ?????????? ??? N ????????? ??? ??? ?????? i ??? i = 1, . . . , N ?????? Ti ?????
?????????? ???? ??? ???????? ??????????? ?????? ???? J ????????????? ??? ???????????
B ∈ {1, . . . , J} ??? ?????? ??? ?????????????????? ??? ????????? ??? ?????????????? ????
??? J ???????????? ??? ?????? i ???? ??? yi ??????????? ??? ???????????? ??? ?????? i ???





 ? y = �y11, . . . , y1T1 , y21, . . . , y2T2 , . . . , yN1, . . . , yNTN �′ ?
??? ?? ??????????? ???? ?? ???? ???? ??? ???? ??????????? ???? ??????? ???????? y∗itj ? ???
???????? ???? ????????? ??????????? ?? ??????? ??????????
????????? ??????M ??????????? ????????? xitm ????????? ??? ???? ??? ???????? ???
?????????????? ?????? ????????? ??????? ?? ?? xitm ?????????? ??? ?????????? ??? m?
??? ???????????? ???????? ??? ?????? i ??? ????????? t? ??? m ???????????? ?????????
?????? ???? ??? ???????????? Xit ???? ?????? Xi ???? X ??????????????? ????????????
Xit ?????????? ??? ?????? (xit1, . . . , xitM )? ??? ?????? ??? ???????????? ????????? Xi
??????? ???? ?? ???????????? ????? ?????????? ??? ???????? ??????????? ?????? ???????
?????
Xi =
 xi11 . . . xi1M??? ? ? ? ???




x111 . . . x11M
??? ???
x1T11 . . . x11M??? ???
xN11 . . . xN1M
??? ???
xNTN1 . . . xNTNM

?
?? ???????????????????? ? ???? ??
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????????? ?????? ???? ???? ??? ???????????????????? ??? ??????????? ??? ?????????????????
????? ?? ???? Ti = 1 ??? ???? i ???????? ????? ?? ?????? ???? ?????? yit ??? yi1? xitm ???
xi1m ??? Xit ??? Xi1 ???????? ??? ????????? ??????????? ??? t??????????? ??? ?????????? ??
???? yi1? xi1m ??? Xi1 ???????? ??? yi? xim ??? Xi ??????????? ???????
??? ??????????? ??????????????? ?????? ?????????????? ???????? ??? ???????? ????
??????? ????????????? ????????????? ??? ?????? i ??? ??? ??????????? j ???? ??? αij ???
????????? ?? ???????????? ??? ??? ????????????? ????????????? ???? ???????????????? ??
??????????? ??????????? ??? ????????????? ??? ???????????????????????? ?????????? αj ?
??? ????????? ????? ???????? ???? ??? ?? ??????????? ????? ???? ??? ????????????? ???
???????? ??????? ?? ??? ???? ??? ????????????????????? ?????? ???????? ???? ??? ???????
?????????????? ??? ??? m??? ??????????? ???????? ??? ??? ??????????? j ???? ??? βjm
??????????? ??? ?????????????????????? ??? ??? ??????????? j ?????? ??? ????????????
βj = (βj1, . . . , βjM ) ???????????????? ????? ???????? ?????? ???????? ?? ??????????
??? β = (β11, . . . , βJM ) ???????????????? ?? ??????????? ??? αj ?????? ?? β ??? ??
??????????? ????????????????????? ?? ????????? ??????? ???? ?? ??????????? ??? ??????
??? ?? ??????????? ?????????????????????? ??? ?????? (α, β) ????????
??? ??? ?????????????????????? ???? ????????? ???????? ??? ?????? ???? ??? ???
?????????? ?????????????? ??? ????? ???????????????????? ???? ???? ??????? ???????
??? β ???????? ??? ????????????? ?????????? ???? ??? ??? ??????????????????? β̂ ????????
??? ????????????? ???????? ???? ?? ??????????? ??? α? ??? ???????????????? ??????????
???? ??? ??? ???????????????????? ??? ǫij ? ??? ??? ???????????????????? ??? ǫitj ???
??????????
???????????? ??? ???? ??? ??? ?????????????? ???????? ??? ??????????????? ??? ???
?????????? ???????????? ??? ??????????? ??? ????????????? ??????? ???? ?????????? ??
?????????? ??? ?????????? ?????? ???????? ??? ????????????????? ??? ?????????????
??????????????? ??? ??? ?????????? ?????????????? ??? ???????????? ?????? ??????? ????
??? ???????????????? ?? ??? ????????????? ???????????????? ?????????? ???????? ????? ???
??? ?????????? ???? ??????????? ?????? ????????? ?????????? ????????????????? ?? ?? ?????
?????????????? ???? ?? ??? ??????????? ?? ?????????? ???? ??? ???????????? ?????? ?? ???
??????????????? ???? ??????????????????? ??????????? ????? ?????? ???? ????? ????????
???? ???? ??????? ???? ??? ???????? ?????????? ????? ??? ??? ??????? ??? ????????
???????????? ?????????
??? ???????
?? ????????? ?????? ??? ?????? ??? ??? ???????????? ??????????? ?????????? ?? ?????
??????? ??? ?? ???????????? ??? ??????????? ????????? ??? ??? ??????????? ??????
??? ?????????? ??? ??????????? ???? ?? ???????????? ??? ???????????? ??? ???????????
? ??? ??? ????????????????? ?????????? ??? ??? ?????? ???????? ??? ?? ??????????? ????? ???????????????????
i ??? ????? ??????????? j? ???? ?? ???????????? ????? ??????????????????? i? ????? ??????????? j ??? ?????
????????????? t ?????????? ?????
? ??? ??????? ?????? ?????????????? ?????? ?? ???????????? ??????? ???? ??? ????????? ?? ??? ???????????????
??? ???????????????? ?????????? ??????? ???? ??????? ??? ??????????? ??????????? ????????? ?????????????
???????? ??? ?????????? ??? ???????????? ????????? ??? ??? ????????????? ???? ??????????? ??????????
?????? ?? ??????
???????????????????? ? ???? ?? ??
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???? ???? ??? ???????????? ??? ?????????? ?????? ?? ????? ???????? ?? ?? ??? ?????????
????? ??????? ???????? ???? ??? ???????????????? ?? ??? ????????????? ????????????????
????????? ??????? ??? ?????????? ????????????? ??????????? ???????? ??? ??? ?????????????
??? ??? ???????????????????? ???? ???????????? ???? ?????????? ??? ????????? ??????????
?? ????? ????????????? ???????????? ???????????? ????? ???? ?????? ??????????? ??? ?????
?????????????? ??? ??? ???????????????????? ????? ???????? ???????? ???? ??? ??????
??????? ???????? ????????????????? ??????????? ??? ???????????????????????? ??? ????
??? ???????? ?????????????? ??? ??????? ??? ?????????????? ????????????? ?????????
??? ?????????????? ??? ????????????????????? ???? ??? ????????????? ????????????? ???
??????? ?????????????? ??????? ??? ?? ???????? ???? ??????????? ??????????? ?????
???? ??? ??? ???????????????????????? ???? ??? ??? ??????? ?????????? ??????? ????
??? ???????? ????????? ????????????? ???????? ???? ??????????? ??? ???? ????? ????? ???????
??? ????????????? ??? ?????????????????????? ?????? ???? ?????? ???????? ????????
??????? ??? ??? ???????????? ??????? ??? ?????????????? ????????????? ??????????
????? ?????? ??? ????????????? ??? ???? ??? ??????????????????? ?????? ??? ??? ???
?????????????????? ???? ???????? ?????? ??????????? ???????????? ?? ?? ??? ????? ?? ???
???????????? ?????????? ?????
????? ????????????? ??? ??????????????
?? ????????? ?????? ??? ??????????????????? ????? ??? ?????? ???????????? ??? ????????
???? ??? ????????????? ????? ??? ???????????? ??? ?????? ?????? ?? ????????? ???????
??? ??????? ?????? ?? ???????? ??? ?????????? ?????? ?? ???????? ????????? ??? ????????
???? ??? ?????????????? ??????? ???? ??? ?????? ?????? ?? ????????? ??????? ??? ???????
?????? ?? ???????? ??? ?????????? ?????? ?? ????????? ??? ?????? ??????? ?????? ???
??? ????? ??????? ?????????????? ?? ????? ?????? ???????????? ??? ??? ???????????? ??
?????????????? ?????? ???????????
????????
??????? ? ????????? ?????????????? ????????
??? ????????????? ?????? ??? ???????? ???????????? ??????? ???? ??? ???? ?????????????
??????? ?? ??? ???????????? ?????????? ????? ???? ??????????????????? ??????????? ????
???? ??? ?????? ??? J ????????????? ??? ???? j ∈ {1, . . . , J} ???????????? ???? ????
y∗j = αj +Xβ
′
j + ǫj ?
?? ??????? ??? ????????????????????????? ?????? ????? ????????? ??? ?????? ??? ??????
?????? j ???? ?? ?????? ?????? ???? ??? ???? j ∈ {1, . . . , J} ???????????? ??? ?????????
y∗j ? xm ??? ǫj ????????????????? ??????? ???? αj ??? ???? βjm ????????? ?????????? ???
??? ??????????????????? ?????? ??? ???????? ?????????
?? ???????????????????? ? ???? ??
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??? ???? ???????????? ??? ??? ???????????????? ?????????? ǫj ?????????????????????????
?? ?? ????????




??? ?? ??? ?????????????????? ?????????? ?????????? ??? ??????? ??? π2/6 ??? ??? ???
????????????? ??? ?????????????????????? ?????????? ????? ?????????? ??? ??? ???????
??? ??? ??????? ??? ?????????? ?????????????? ????? ?????????? ????? ?? ??????? ???????
???? ??? ?????????????? ??? ?????? ?????????? ????????? ????? ??????? ????? ???? ??????
??? ??????? ??? ?????????? ?????????????? ??? ?? ????? ??????? ????????? ??? ????? ??
??????????
??????? ? ???????????? ?? ???????????? ??????????????
??? ???????????? ??? ???????????? ???????????? ???? ????? ???? ?????????????? ???
???????
∀j ∈ {1, . . . , J} : ??(y = j) = ??(y∗j > ???
k �=j
y∗k)?
????? ??????? ??????? ???? ????????? ??? ??? ?????????????????? ???? ??? ??????????
???????? ?? ??? ???? ?? ????????? ???? ??? ??????? ???? ??? ???????????????? ?????????????
???? ?????? ???????? ?????? ???? ??? ??? ??? ???????????? ???????????? ??????????
???? ??????? ???? ????? ??????? ???? ???????? ????????????
??????? ? ????????????? ????????????
??? ????????????? ??? ??????????? ???? ?????????? ??????? ???? ??? ???? ???????????
??? ??????????? ?????????? ??? ??? ???????????? ???????????? ????????? ????? ?? ??
???????
∀j ∈ {1, . . . , J} : fǫj |X = fǫj ?
??? ??????????? ????????????? ??????????? ??? ??? ?????????? ?????? ?? ???? ???? ???
??????? ??? ??????? ?????? ?? ?????? ???? ??????????? ??? ????? ???????????????? ????
?????????????? ??? ???????????? ?? ??? ???????????????????? ???? ?? ????????? ???
????????????? ???????????
??????? ? ??????????????? ??? ??????????? ???? ??? ??????????????
??? ????????????????? ??????????? ???? ???? ??? ???????????? ?????? ????????? ?????
??????? ?? ?? ???????
∀j, k ∈ {1, . . . , J} : ǫj ⊥ ǫk?
????? ??????? ??? ??? ??????????? ??????? ??? ??? ??????????? ??? ?????????????? ???
???????????? ???????????? ????? ????? ????????? ??? ?????? ????? ?? ???? ?????? ?????
? ??? ????????????????? ???? ???? ??? ????????????????????? ??????????? ??? ?????????? ???????????????????
??? FX(x) = ???(− ???(−(x− µ)/σ))??? ?(X) = µ+ σγ ??? ???(X) = (pi2/6)σ2? γ ??? ????? ?????????
??????? ??? ??????????????????????????? ??? ??????? ??????? ???? ????? ??? ????? ?????? ?? ?????? ???
???????? ????? ??? ???????????? ?????? ???? ????
???????????????????? ? ???? ?? ??
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?? ????? ??? ??????????????? ??? ??? J = 2 ????????? ?????????? ??? ???? ?? ??? ?????????
?? ??????????? ??? ?????? ??? ?? ??? ????? ??? ???????? ?????????? ???????????? ??????
??? ????????????????? ???????????? ??????? ??????????? ??? ????? ??????? ???????????
???? ???? ??? ??? ?????????? ????? ????? ????? ?? ?????? ?? ???? ????? ??????? ??? ??????
???????????? ?????????? ??? ??????????? ???????????????? ???? ?? ?????? ?????? ??? ????
????????????? ??????????? ?????? ??????? ???????????
??????? ? ????????????????????
??? ????????????? ???? ???? ??????????? B ??? ????????????????? ??????? ??????? ??? ???
??? ????????????? ????????????? ??? ??? ???????????????????? ???? ??????? ??????? ?? ??
???????
αB = βB1 = · · · = βBM = 0?
??????? ? ???????? ?????????????? ??? ??????????????????
??? ????????????? ???? ????????? ?????????? ??????? ???? ??? ???????????? ?????????
?????? ?????????? ????? ?? ?? ??? ?????? X ????? ??????? ????????? ???? ?? ?? ???????
????(X ′X) = M ?
????? ??????? ?????????????? ??? ??? ??????????? ????????? ??? ??? ???????????????? ???
????????????? ??? ??? ??? ???????????????????????????? ??? ?????? ????? ??????????
????? ????????? ????
??????? ? ????????? ???????????????????
??? ?? ???????? ?????????? ????? ?????? ??? ?????? ??? ?????????????? ??? ??? ???
?????????????????????????? ?????????? ??? ??? ??? ??????? ????????????? ???????? ????
??????? ??????????? ???? ??? ??? ?????????? ???? ???????? ????????????????? ??? ??????
????? ??? ??? ???????????? ????????? (yi, Xi)i=1,...,N ??? N ?????????????????????
??????? ????? ??? ???????? ?????????????? ??????????? ???? ??? ?????????? ??????????
??? ????????? ???????? ???? ???? ??? ?????????? ?????????? ??? ????????? ???????? ???? ???
??????? ???? ??? ????? ????????? ???? ??? ???? ????????????????????? ??? ??? ??????????
??? ??????????? ???????????????? ???? ??? ????????? ??? ??? ???????????? ?????????
????????? ?????? ??? ????????? ?????????? ????? ?? ?? ???????
∀i, j ∈ {1, . . . , N} :
f(yi,Xi)(·) = f(yj ,Xj)(·)?
f(yi,Xi)(·) ⊥ f(yj ,Xj)(·)?
?? ??? ??????????? ???? ????? ??????? ??? ??? ??????? ???????? ?????????? ???? ?? ??
??? ??????? ?????? ????????????? ???? ????????? ??????? ???? ???? ???????? ??????
????? ??????? ????? ???? ?????? ???? ??? ??????????????????????????? ????????????
?????????????? ??????? ????? ????????? ?????? ?? ?????? ?????? ????? ?????? ????????????
??? ??????????? ?????? ???????? ??? ??? ??? ????????????????????????? ??????????? ???
? ???? ????????? ???????????? ??????????? ????? ???? ?? ?? ??? ???? ??? ???????? ??????? ????? ???? ???? ???
????????? ???? ?????? ??? ??????? ?????? ??? ??? ????????? ????? ??? ??????? ?????????? ??? ???? ???????
?? ???????????????????? ? ???? ??
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????? ???? ??? ??? ???????????? ???????????????????????????? ??? ??????? ??? ?????
????????????? ???? ????? ??????? ????????? ??? ??? ??????? ???????? ????????????
???????????????????????????
??? ?????? ???????? ?????? ???? ??? ??? ??????????????????????????? ??? ?????????
???????????? ????????? ???? ??????? ? ??? ??? ??????????????????? ???? ??? ???????????
j ??????? ????? ??? ??????????????????? ???? ??? ?????? y∗j ?????? ??????????? ?????? ???
??? ??? ????? ??????? ?????????????
??(y = j) = ??(y∗j ≥ ???
k �=j





??? ????????? ?????? ????????? ??????? ???????????? ??? ????? ???? ??????? ??? ???
??????? ? ???? ??? ???????????????? ????? ??? ??? ?????????????????????????? ??? ????
?????????????? ??? ??? ?????????? ??? ??????? ??? ??????????? ??




?? ?? ??? ????? ??? ??? ?????????? ??? ????????? y∗j ??? y∗k ?? ??? ?????? ?????????
????????? ????????? ????? ???? ??? ??? ????????????? ??? ???????????????? ??? ??????????
??? ??????? ??? ??????????? ????? ???????????? ??????????
∗ = ???
k �=j
y∗k ∼ ?????? ???








??? ??? ???????????? ??? ????? ?????? ????????? ????? ??? ? ???????? ??? ??? ??????
???????? ??? ????????????????? ???? ??? ?????????? ??? ???????? ??? ?????? ?????????
??????????????????? ???????? ???? ????? ?????????????????? ????????? ??? ??????? ?? ????





j ∼ ???????? ?? ??
F∗(x) =
1
1 + ???(−(x− ((??∑k �=j ???(αk +Xβ′k))− (αj +Xβ′j))))




1 + ???(??∑k �=j ???(αk +Xβ′k)− αj +Xβ′j − x)
? ???? ????? ??? ????? ?????? ?? ???????
???????????????????? ? ???? ?? ??
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?????? ???? ??? ???????? ?? ??? ??????????????????? ?? ?????????? ????????? ??? ???








???(αj +Xβ′j + x)
???(αj +Xβ′j + x) +
∑
k �=j ???(αk +Xβ′k)
??? ????? ?? ?????? ????? ???? ???? ?? ????? ???????? ???????????????
=
???(αj +Xβ′j + x)∑J
k=1 ???(αk +Xβ′k)
= F???k �=j y∗k−y∗j (x)?
??? ?????? ???????????? ?????????? ????? ??? ??? ???? ??????????? ??? ??? ?????????????
???????? ????????????????????????? ??? ???? ????????? ??????????? j ?????????
??(y = j) = ??(y∗j ≥ ???
k �=j









??? ???? ??? ???? ??? ????????? ???? ??? ????????????????? ?????????????? ??????? ????
??? ?? ??????? ? ??????????? ?????? ??? ??? ????????????? ??? ??????????????????????
?????????? ?????? ?????
?????





k �=B ???(αk +Xβ′k)
??? j �= B?
??(y = B) = 1
1 +
∑
k �=B ???(αk +Xβ′k)
?
????? ????????? ???? ??? ??????????????????????????? ??? ???????????? ?????? ??? ???
?????? ??????????? ??? ???? ??? ??? ???????????? ??????????? ?????????? ??? ??? ?????? ???
?????????????? ??????????? ??? ??? ????????????? ?? ??? ??? J = 2 ??????
????????????????????????????
??? ?????? ??? ??????????????? ??? ??? ??? ??? ??? ??????????????????????????? ????????
??? ?????? ?????? ??? ??? ???????????????????????????? ?????????? ??????? ???? ???
??? ???????? ??? ????????????????? ??? ????????????????? ?????????? ????? ??? ???
?????????? ???? ???????? ????????????????? ??? ?????????? ??? ??? ???????????? ???
??????? (yi, Xi)i=1,...,N ??? N ????????????????????? ??????? ????? ??? ?? ??????? ?
?????????? ?????? ????? ???? ???? ??? ?????????? ?????????? ??? ????????? ???????? ????
?? ???????????????????? ? ???? ??
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????????? ??? ??? ??????????????????? ℓi(α, β) ??? ??? ??????????????????? i ???????? ???
??? ???????? ?????? fyi|Xi,α,β ? ????? ???????? ?????????????? ??? ???????? ???????
????? ℓi(α, β) = fyi|Xi,α,β =
J∏
j=1
??(yi = j|Xi, α, β)δyi,j ?
??? ??? ???????? ???? ??? ?????????? ?????????? ??? ????????? ???????? ??????? ????
????? ???? ??? ??? ?????????????? ??? ??????????????? ??????????????????? ??? ????????
?????????? ????????






δyi,j ?? ??(yi = j|Xi, α, β)?
??? ?????????????????????????????????? ??????? ????? ????? ???????? ??? ??? ?????????
??????????????? ??? ?????????? ?????? ??? ?????????????????????? (̂α, β)?? ??? ??? ???
????? ??? ??????????????????? ???? ???? ????????? ????????????????? ?????? ????????
??? ??????????? ?? ?? ?? ??????????? ?? ?????????????????? ????? ??? ?????? ?????????
????????? (α, β)? ????????? ??? ??? ???????? ???????????? ??????????????? ?? ?? ?? ???????
????? ?? ?????????? ????? ??? ????????????????? ????? ??? ??????? ????? ??? ???????????
???? ??? ??????? ?????????? ??????????? ??? ??????????????? ??????????????????? ???? ???
?????????? ??????? ???? ?? ?? ???????















???? ???? ??????????? ??????? ???? ??? ?(?i(α, β)) ??? ?????????????? ??? ????????????
???? ??? ?????????? ??????????? ???? ??? ???????????? ??? ??? ?????? ??? ??????? ??????????
??????????? ??? ?????????????????? ???? ??? ?????? ??? ??????????????????????? ???
??????? ??????????? ?????? ????????? ??? ?????









??? ??????????? ????????? ??? ??? ???????????????? ??? ??????????????? ??? ????????????
???? ??? ?????????? ??? ??? ??????? ?? ?? ?? ??? ??????? ?????????????? ??? ???????????
???????
??????????????
??? ??????????? ?????????????????????? ?????? ??? ??? ????????????????????? ??? ????
?????????? ????????? ????????????? ??????? ?? ??????????????? ??????????? ????? ???
? ??? δa,b ??? ??? ???????????????????????? ??????????? ????? ???????? ??? ?????????????? ????????? δa,b = 1?
???? a = b? ??? δa,b = 0? ???? a = b?
???????????????????? ? ???? ?? ??
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?? ???????????? ???? ?????????????????????? ??? ?????????? ????? ? ?? ??? ??? ?????
??????????????????? ?????? ??? ???????? ?????? ??? ?? ????????? ???? ????????????? ????
??????? ????? ??? ??? ????? ??? ??? ?????????????????????????? ??? ????? ??? ??? ?????
??? ??? ??????? ????????? ??? ??????????????? ????????? ???? ??? ??? ???????? ????? ???
???????? ???????????? ????????? Xm ??? ????????????????????????? ????? ??????????
???????????? ??(y = j) ??????????? ??? ??? ????? ??? ???????????????? ????????? ????
??? ?????????????? ??? ?? ?????????? ??? ?? ??? ???????? Xm ??? ??? ????????????
?????????????? ??? ??????????? j ??? ?????????????? ?????????









β̂km ??(y = k|X)
)
?
??? ???? ???????????? ??? ?????? ???????? ???????? ?????????? ?????????? ???? ??? ????
???????????? 0 = B ??? 1 ??????????? ??? ??? ?? ??? ???????? Xm ??? ??? ??????????? 1?
β̂m ??(y = 1|X)
(
1− ??(y = 1|X))?
??? ????????? ???????????? ????????? ???? ??? ?????????????? ??? ?? ?????????? ??????
???? ??? ??? ?? ????? ????????? Xm ??? ??? ????????????????????????? ??? ???????????
j ???????? ??? ??? ???????? ??? ?????????????????? ??? ??????????? ??? Xm ?? ????
???????? ?? ?? ???????
??Xm,j = ??(y = j|X1, . . . , Xm−1, Xm + 1, Xm+1, . . . , XM )?????
− ??(y = j|X)?
??? ???????? ??? ??? ?? ???? ? ???? ??? ??? ???? ???????????? ? ????? ?????? ???????
????? ??????? ?????? ??? ?? ??? ???? ??? ?? ????? ???????? Xm ??? ??? ????????????
?????????????? ??? ??????????? j ??? ????????? ??? ?????????????????????? β̂jm ?????????
??????? ?????? ???? ???? ???????? ??? ???? ??? ????????? Xm ??? ??? ??? ???????
?????? ??? ??????? ????????? X1? ?? XM ? ?? ?? ?????? ??? ??? ??????? ?????? ???? ???
??? ????????? ???????????? ????? ???????????? ????????? ????????
?? ??? ??????????????? ?????????????? ???? ??? ?????? ??? ?????? ??????? ??? ???
???????????? ??????????? ?????? ??????????????? ???? ???? ?? ?????? ???? ??????????????
??????? ???? ??? ??? ?? ??? ??? ?? ??? ??? ??????????? ????? ???????????? ?????????
??????????? ????? ?????? ?????? ??? ????????? ?????? ?? ??? ????? ? ??? ???? ??????
?????????????????????? ?? ??? ????? ????? ??????????? ?????? ??????????? ???? ??? ???
????? ????????? Xm ??? ??? ????????????????????????? ??? ??????????? j ???




? ???? ?????? ???? ?????? ?? ?????? ????????? ??????? ??? ??????? ?????? ?? ???? ????????? ?????????? ??????
?? ?????? ?????
? ???? ?????? ???? ?????? ?? ??????? ??????? ??? ??????? ?????? ?? ???? ????????? ?????????? ??????
?? ????????? ???? ??? ???? ?????? ?? ???????
?? ???????????????????? ? ???? ??
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β̂km ??(y = k|X¯)
)
?
??? ??? ??????????? ??? ??? ???? ???????????? ????? ???? ?????? ???????? ?????? ?????
????????????? ??? ?????????? ?????? ??? ???????????? 0 = B ??? 1? ???? ??? ??? ???





= β̂m ??(y = 1|X¯)
(
1− ??(y = 1|X¯))?
??? ??? ????? ???????? Xm ??? ??? ????????????????????????? ??? ??????????? j ??? ??
?????????
???Xm,j = ??(y = j|X¯1, . . . , X¯m−1, X¯m + 1, X¯m+1, . . . , X¯M )?????
− ??(y = j|X¯)?
?????? ???????? ????? ???? ?????? ????? ?????? ????????????? ???? ??????? ???????????
??? ??????????? ??? ??? ?????????????? ??? ??????????? ?? ??? ??? ??? ?????? ?????????????
?? ?????? ??? ???? ??????????????????? ??? ???????????? ??? ???????????? ?????????
?????????? ??? ??? ?????????????? ??????????????????? ???? ??? ???? ??? ?????????????
????????? ????????????????? ?? ?????? ???? ???? ??? ?????????? ?????????? ?? ?? ??????
??? ??? ?????????? ???????? ???????? ?????? ????? ????? ???????? Xm ??? ??? ????????




















β̂km ??(y = k|Xi)
))
?
??? ???? ??? ???? ???????????? ????? ???? ??? ???????? ????? ?????? ????????????? ????
??? ??? ???? ???????????? ?????? ??? ?????? ????? ??????????? ????????? ?????? ????


















1− ??(y = 1|Xi)
))?
??? ?????????? ?? ??? ?????? ??? ??? ?????????? ?? ????????? ??? ???????? ??????????????







( ??(y = j|Xi1, . . . , Xim−1, Xim+1, Xim+1, . . . , XiM )
− ??(y = j|Xi)
)
???????????????????? ? ???? ?? ??
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????? ?????? ?????????????????????? ??? ??? ?????????? ?? ??? ???????? ?????? ????
?? ??? ?????????? ??? ????????????????????? ???? ?????? ????????????????????????? ????
????????? ???????? ???? ?? ?????? ??????????? ??? ????????????????????? ??? ??????????
????? ??????????? ?? ??? ?? ???? ??? ??? ???????????? ?????? ????????????? ??? ???
???????? ???????????? ???????? ??? ???????? ???????? ??????? ??? ??? ?? ??? ?????????
??? ??? ??? ??? ??? ?? ????????? ??? ?????? ????????????? ???? ??? ?????? ??????? ??? ???











−3 −2 −1 0 1 2 3
Xm
????????? ???? ???????????????? ??? ?????????? ?????
?? ??? ????????? ??? ??? ??? ???????? ??????????? ???????? ???(x)/(1 + ???(x)) ???? ???
??????????? ????????Xm ??????????? ??? ????????? ?????? ??? ??? ?????????????????????
??(y = 1|X) ??? ???? ???????????? ??? ??? ?????? ??? ???????????? ????????? Xm
???????? ?? ?????? ????????? ???? ??? ?? ??? ??? ?? ?? ??? ?????? Xm = 0 ?????????
???????????? ??? ?? ????? ???? ?? ???????? ??? ???? ??? ??? ?????? Xm = 0? ??? ??? ???
????????????????????????? ???? 1/2 ???? ???? ??????? ???? ?????? ??? ????? ???????? ???
?????? ??????? ??? ???????? ??? ??????????????????????????? ??? ????? ??? ?? ??????
?????????
???(1)




? ???? ?????? ???? ?????? ?? ?????? ????????? ??????? ?????? ?? ????????? ???? ??? ???? ?????? ?? ????????
?????????
?? ???????????????????? ? ???? ??
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??? ????????? ????? ???? ??????? ?????????? ??? ???? ??? ??? ?????? Xm = 0 ????
??????? ???? ?????? ??? ????? ??? ???????? ??? ?????? ??? ??? ???????? ??? ??? ???????????
?????????? ??? ??? ????? ?? ??? ????????? ????????? ???????????? ?? ?? ??????????? ??? ???
???????? (??(y = j|X − 1)− ??(y = j|X))/− 1? ???? ??? ???? ?????????? ????? ?????
???????? ????????? ????? ???? ??? ?? ????????? ??? ??? ???????? ??? ???????? ?? ??? ??????
Xm = 0 ???????? ??? ?? ??? ????????? ???????????? ??? ??? ?????????????????? ?? ???
??????Xm = 0 y = x/4+1/2? ?? ?? ??? ?? ?? ?????? ?????? ??? 1/4? ??? ????? ????? ?????
??? ??? ??????????????????????
?? ??? ??? ??? ?????????? ?????????????? ????????? ???? ????? ??????????? ???? ??? ??
????? ??????? ???????? ??? ???????????????????? ???? ?? ?? ???? ??? ??? ????????????
?????? ?????????? ??? ???????????? ????????? ????? ?? ?????? ?????? ???? ??? ?? ???
?????? ???????? ?? ?? ???? ???? ????? ?? ?????????? ???????? ???? ??????????????
???????????????????? ???????? ??? ?????? ??????????? ?????? ?????? ???? ????????????
???????????????? ??????????? ??? ???? ??? ??? ????????? ??? ?????????????? ???????????
?????????? ??? ????????? ????????????????????? ???????? ??? ??? ??? ??? ??? ????????
???? ??????????? ???????? ?? ???? ??????? ????????? ???? ??? ???? ??????? ?????????
?? ????? ?????????? ??????????? ?????? ??????? ???? ???????????????? ????????????????
??????? ?????? ?????? ?????????? ??? ??? ???????????? ???????? ??????????? ?? ?? ?? ??
?????????? ???????? ??? ??????? ??? ??? ??????? ?? ??? ?????????? ???? ??? ???
?????? ??? ?????????????????? ??? ???????? ?? ???? ??????????????????? ????????
?????? ????????? ??????????? ?????????? ????????????????????? ???? ??? ????????
????? ????????? ????????? ??? ??? ?????????????? ??????????????????????????? ???????
????? ??????????? ??? ??????? ?????????????? ??? ?? ????????? ?????????? ??????? ???
??? ???????????? ?????? ?????? ??? ??? ??? ????????????? ?????????????????? ??? ???? ???
??????? ??????????? ?? ???????????? ??? ???? ????????? ??????????? ???????? ?????????
??????????? ????? ??? ??????? ???????????? ????????? ?????? ?? ??? ????? ???????? ???
??? ?????????? ?? ??? ?????????? ???? ??? ?????????? ?????????? ????? ???????
????? ?????? ????????????????????? ????? ??? ??? ????? ?? ??? ?????????? ??? ??? ???
????????????????? ???? ?????? ??????????? ??? ??? ??????? ??? ???????????? ??? ?? ???
?? ??? ??? ???????????? ????? ???????????? ????????? ???????? ???? ?? ??? ??
???? ??? ???????? ??? ????????? ???????? ??? ????????????????????????? ??? ????????
????? ???????????? ???????? ??????????? ???? ??? ????? ???????????????????? ??????
??????????? ???????????? ??? ???????????? ??? ????? ???????????? ?????????? ???????
??????? ??? ??????????????? ?????? ??? ????????????? ???? ???????????? ??? ???????????
??????????? ?? ?????????? ??? ?? ?? ??? ??????????? ????? ??? ???? ???????????? ?????? ????
????????????? ???? ?????? ????? ??? ???????????????????? ????? ?????? ??? ?? ??(??????) =
1/2? ??? ????? ?? ?? ??? ?????????? ??? ??????????????????????? ??? ??? ??????????????????
????? ?????????? ????? ?????????? ??? ???????? ???????????? ?????????? ??? ??? ??? ????
??? ?????????? ??? ??????????????????????????? ??? ???? ?????????? ???????????? j ???
k? ?????? ?????? ???? ???? ?????????????? ?? ????????? ?? ??? ?????????????????????
????jk(X) = ??(y = j|X)??(y = k|X)??????
???????????????????? ? ???? ?? ??
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= ???((α̂j − α̂k) +X(β̂j − β̂k)′)?
??? ?????????????? ????? ??????? ????? ???????????? ????????? Xm ?????????? ??? ???
???????? ??? ????jk? ???? ????Xm ??????? ?? ??? ?? ????????? ???? ?? ????????? ?? ??
??? ?? ????? ??????????? ??????? ???????????? ??? ????? ?????????? ????? ??????? ?????
?????????? ??????? ?? ?? ?????? ??? ??? ????????????? ???? ??? ???? ????? ??? ????????Xm
??? ??? ?????????? ??? ??????????????????????????? ??? ???????????? j ?? k ?? ?????????
??jk(Xm) = ????jk(X1, . . . , Xm−1, Xm + 1, Xm+1, . . . , XM )????jk(X)
??? ????? ??? ????????????? ????????? ??? ????????? ???? ??? ??? ???? ??? ??? ???????
=
???((α̂j − α̂k) + (Xm + 1)(β̂jm − β̂km)′ +X−m(β̂j−m − β̂k−m)′)
???((α̂j − α̂k) +X(β̂j − β̂k)′)
?? ??? ?????????????? ????????????????? ?? ?????? ????? ???? ??? ???????? β̂jm − β̂km
?????? ???????????????
=
???(β̂jm − β̂km) ???((α̂j − α̂k) +X(β̂j − β̂k)′)
???((α̂j − α̂k) +X(β̂j − β̂k)′)
????? ?????? ?????? ??? ???? ??? ????????? ?????????
??jk(Xm) = ???(β̂jm − β̂km)???????
????? ????????? ?????? ???? ??? ?? ????? ???????????? ????????? Xm ?? ????????? ???
?? ??? ?? ??? ??? ???????????? ??? ????????? Xm ??? ???? ????? ??????? ?????????
X−m ?????????? ???? ??? ???? ????? ?????? ??? ?????????? ??? ??????????????????????
?????? ??? ???????????? j ?? k ?? ??? ?????? ???(β̂jm − β̂km)? ???? ??? ???????? Xm
?? ???? ??????? ??????? ?? ??? ????? ???? ??? ???? ????? ????? ??????????? j ??? ?????
????????????? B ?????????????? ?? ???? ??????? ? ??? ?????????????????????? ??? ???
????????????????? ???? ????? ???? ?? ??? ???????? ???? ?????? ????????????
??jB(Xm) = ??j(Xm) = ???(β̂jm − 0) = ???(β̂jm)?
???????? ??? ??? ???? ????? ??? ??? ?????????????? ???? ?????? ????? ??? ??? ????????
???? ?? ??? ??? ???????????? ??? ???????????? ????????? ?????????? ???? ???? ??????
????? ?????????? ??? ??? ??????? ??? ???????? ????? ???????????? ???????? Xm ???
??? ?????????????? ?????????? ??? ??????????????????????????? ??? ???????????? j ?? k?
?? ?? ??? ?????????? ???? ??? ????? ??? ??? ?????????????? ???? ?????? ??? ???????? ???
?? ???????????????????? ? ???? ??
GESIS-Schriftenreihe  |  Band 11 37
Implementation und Anwendung der multinominalen logistischen Regression mit „fixed effects“?????????????? ??? ????????? ??? ????????????? ???????????? ?????????????????? ??? ?????? ????????
?????? ?????????? ????? ?????? ??? ??? ??????????? ??? ????????Xm ??? ??? ?????????? ???
???????????? j ?? k ?? ?????????
?????jk(Xm) = ??
(??(y = j|X + 1)





??? ??? ??????????? ???? ??? ???? ??????
= ??(???(β̂jm − β̂km)) = β̂jm − β̂km?
?? ?? ??? ??????????? ??? ???????? Xm ??? ??? ?????????? ??? ???????????? j ?? k ??? ???
???????? ??? ?????????????? ??????????????????????? ??? ???????? ??????????? ????
?????? ??? ????? ???? ??? ??? ?????????? ??? ????????????????? B ??????????? ?? ????
??? ??????????? ??? ???????? Xm ??? ??? ?????????? ??? ???????????? j ?? B ??????? ???
???????????????????? β̂jm ???? ?? ??? ?????? ???????????? ???? ??? ?????????????? ??? ???
???????????????????? ??? ??? ????????????? ????????? ??? ???? ???????????? ????? ???
??? ??? ??????????????? ???? ??????? ??????? ????????????? ???? ?????? ??? ??? ????????
???????????????????? ??????? ???? ??? ??? ????? ?? ???????????? ???? ??? ?? ??? ?? ???
???? ???????????? ???? ???????? ??? ????? ???????????? ?????????? ???? ????????????
??? ??????????????????????? ?? ?? ??? ???? ???????????? ??? ??? ??? ??????????????????
????? ???? ???????????????????????? ??? ??? ???????? ??? ???????????????????????????
???????? ??? ????????? ???????????????????? β̂jm ????????? ????? ???? ??? ???????????
???????? Xm ??????? ???? ??? ????????????????????????? ??? ??????????? j ??????? ???? ???
???? ??? ??? ???? ???????????? ??????????
??????????????? ???? ?? ???? ????????? ???? ??????? ???????????????? ??? ?????? ???
??????????????? ????? ????????????? ?????? ??? ????????? ????? ?? ??? ??? ?????????
?????? ????? ??? ?????? ?????? ??????? ??? ????????? ????? ?? ??? ????? ??? ??? ???
???????? ???????? ?????? ??? ??? ??? ?????????????? ??????? ??? ??? ???????????????
????? ??? ??? ??? ??????????? ??????? ???? ?? ??? ???? ????? ??? ??? ????????????
????? ?????? ???????? ?????? ????? ??? ??? ?????????? ?????????????? ??? ????????????
?????? ???????
??? ?? ??? ?? ??? ??? ?????? ???????????? ?????? ????? ????????? ??? ???? ?????
??? ??????????? ??? ???????? ???? ??? ???? ?????? ??? ???????????????????????????? ?? ??
??? ????????????? ?????????????? ?????????????? ??? ???????? ????????? ??? ???? ?????
??? ??????????? ??????? ?????? ???? ??? ?? ??? ?? ??? ??? ???????????? ????? ?????
???????? ????????? ???????? ???? ?? ????????? ??? ??????????? ??? ??? ???? ????? ???
???????? ???? ?? ??? ?????? ??? ??????????? ??? ???? ??????????????? ???? ?? ????????? ????
??? ??? ??????????? ???? ??? ??? ??? ???????? ?????????? ???? ??????? ??????? ?????????????
???? ????? ??? ???? ??? ?????????????? ???? ????? ????? ???? ???????????? ??? ???? ???
???? ???????????? ???? ???? ????????????? ?????????????? ??? ???? ?????? ??? ????????????
?? ??? ???? ??????? ??? ????? ????????? ???????? ??? ?????????????????????? β̂jm − β̂km
?????? ???? ??? ?????????? ???????? ??? ??????????????????????????? ???????? ??? ???
?? ??? ???????? ???? ??? ??????? ????? ??? ??? ??? ????????????? ??????? ???? ??? ??? ??????????? ?????
???????????????????? ? ???? ?? ??
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Klaus Pforr ????? ?????
?????????? j ?? k ??? ?????????? ???????????? ???????? Xm? ??? ????????????????????
?????? ?????? ???? ???????
??? ???????????? ??? ?????? ?????????????? ????? ?? ??? ????????? ???????????? ?? ???
???????????????????????????????? ??? ??????? ??? ??????? ?????? ??? ??????????
?????? ????? ??? ???? ?????????????? ???????? ??? ??? ?????????? ????? ??? ??? ????
???? ??? ???? ?????? ????? ???????? ??? ???? ????? ???????????????? ??? ??? ?????????
??? ?????????? ?????????????? ??? ??? ?????????????? ??? ???? ??? ?????? ???? ???????
????? ??? ?? ????? ??? ??? ??? ???? ??? ??????? ??? ??? ???????? ???? ????? ??? ???
??????? ? ????????????? ??????? ??? ?????????? ?????????????? ??????? ?????? ?????
?? ????????? ?? ??? ???? ????????? ??????? ????? ??? ??? ???? ?????? ???? ????????????
??????????? ??? ?????????????? ??? ???? ??????
????????? ??? ??? ?????????? ??? ???? ??? ???? ?????? ????? ?? ?????? ???? ??? ??????
??? ??? ?????? ??? ??????????????? ????????? ??? ??? ??? ??? ????????????? ??????
???????? ??? ?????? ????????? ????? ??? ??????? ?????? ??? ??? ?????? ???????????? ?????
???????????????? ????? ??? ??? ??? ???????? ????????????????? ????? ???????? ???? ????
??????????? ???? ???? ????? ?????????????? ??? ???? ??? ???? ???????????? ?? ??? ????
??????? ??? ??????? ??? ????????? ???? ????? ??????? ??? ????? ??????? ??? ????????
?????????????????? ??? ????? ???????? ??????? ??? ?????????? ????? ??? ????? ???? ??? ???
??? ?????????????? ??? ???????????? ????? ?????? ??? ??? ??? ??? ??????? ??? ????????
??? ?????????????? ??????? ???? ??????? ?????? ??? ????????????????????? ?? ??? ???
????? ????????? ?????? ??? ???? ?????? ??? ???? ???????????? ????? ??? ?? ??????? ?
???????????? ?????? ??? ??? ??????????? ????????? ??????? ??? ??????????? ?????????
????? ????????????????????
?? ????????? ?????? ??? ??????????????????? ??????? ??? ???????? ???????????? ??? ????
???????? ??? ??????????????? ?????????? ???? ?? ??????????? ??????? ?????? ??????
?? ????????? ??? ?????? ?? ?????? ??????? ??????? ??? ??????? ?????? ?? ????????
???????? ??? ?????????? ?????? ?? ???????? ???????? ????????? ??? ???????????? ???
???????? ????? ???? ?? ??? ???????????? ??? ??????????? ?????? ??? ??? ??????
?? ???????? ??? ?????? ?? ??? ???????????????????? ???? ???? ????? ?????? ??????? ???
??? ????? ??????? ?????????????? ?? ????? ?????? ??????????? ??? ???????? ????????????
?????? ?????? ?? ?????????????? ?????? ?????????????
??? ??????????? ??? ??????????????????? ????? ????????? ???????? ??? ??? ??? ?????
????????????????? ?????? ?????? ??? ???????? ??????????? ???????? ???? ??? ????????
???????????????????? ??? ??? ???????????????????? ???????????? ??? ??????????
???? ??? ??????????????????????????? ?????????? ??? ???????? ?????? ??? ???? ???
??? ???????????????????? ??????????? ??? ??????????? ?? ???????????????? ???? ??? ??????
???? ??? ??? ????????? ??????????? ???????? ???????? ??????? ????? ???? ??????? ??
???? ????????? ???? ???? ??? ???????????? ?? ?????? ?????? ????????? ??? ???????????
??? ?? ??? ???????????????????? ???????????? ??????? ???? ??? ????????? ??? ??? ???
?????????????????? ???? ????? ????????? ??? ??? ??????????? ??? ???????????????????
????????? ????? ??? ??????? ??? ??? ??????????? ??? ?????????? ??????????????? ???
?? ???????????????????? ? ???? ??
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??????????? ?????? ??? ???????????????????? ??? ??? ??????? ???????????? ?????????
??? ???????????????? ??? ??? ??? ????????? ??????????? ???????????????
????????
??????? ? ????????? ?????????????? ????????
??? ???? ??????????????????? ?? ??? ???????????? ?????????? ???? ??????????? ????
??? ???????? ???????????? ?????? ????? ???? ??????????????????? ??????????? ???? ???? ???
?????? ??? J ????????????? ??? ???? ??????????????????? ????? ???? ?????????? ????????
?????? ??? T ??????????????? ?????? ??? ???? j ∈ {1, . . . , J} ???????????? ??? ???? t ∈
{1, . . . , T} ?????????????? ???? ????
y∗tj = αj +Xtβ
′
j + ǫtj ?
????? ????????? ?????? ?? ????????????????????? ??? ?????? ??? ??????????? j ??? ?????
????? t ???? ???? ???? ??? ???? j ∈ {1, . . . , J} ???????????? ??? ???? t ∈ {1, . . . , T}
?????????????? ??? ????????? y∗tj ? αj ? xtm ??? ǫtj ????????????????? ??????? ???? ????
βjm ????????? ?????????? ??? ??????? ??? ??????????? ?? ??? ?????????????????????
??? ????? αj ??? βjm ??? ??????????? ?? ??????????? ????????? ????
??????? ?? ??????????? ??? ?????????????
??? ???? ???????????? ??? ???? ?????????????? ??? ??? ???????????????? ?????????? ǫtj ?????
????????????????????? ?? ?? ???????
∀t ∈ {1, . . . , T}, ∀j ∈ {1, . . . , J} :




??? ??? ??? ???????????????????? ??? ??? ?????????? ??? ??????? ??? π2/6 ???? ????????
??? ??? ??? ????????????? ??? ?????????????????????? ????????? ???? ???? ???? ??? ?????
?????????? ??? ??????? ??? ??? ??????? ??? ?????????? ??????????????? ????? ??? ??? ???
????? ?????????? ???????? ??????????????? ????? ?? ???? ???? ?????? ??????????? ???????
???? ??? ??????? ??? ?????????? ?????????????? ?? ????????? ?? ??? ????????????????????
???????? ???? ?? ????????? ?? ??? ???????????????????? ???? ???? ??? ???????? ????? ?????
???? ?????????? ???????????? ????????? ??????????? ??????????????? ?????? ???????????
???? ?? ????????? ??? ????????????? ???????????
??????? ?? ???????????? ?? ???????????? ??????????????
??? ???????????? ??? ???????????? ???????????? ???? ??? ???? ?????????????? ?????
???? ?????????????? ?????????
∀t ∈ {1, . . . , T}, ∀j ∈ {1, . . . , J} : ??(yt = j) = ??(y∗tj > ???
k �=j
y∗tk)
?? ??? ??? ???????? ???????????? ??? ?? ????????? ???? ??? ?????? ??? ?????????????? Ti ?? ????????? ???
???????????????? N ??? ?????????????????????? ?? ???? ???? ???? ??? ????????????????????? ????????? ??? ??
??? ?????????????? ?????????? ??? ???????? ????? ????? ????????? ????????????
???????????????????? ? ???? ?? ??
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Klaus Pforr ????? ?????
????? ??????? ??????? ???? ????????? ??? ??? ?????????????????? ???? ??? ??????????
???????? ???? ????? ???? ??? ????????? ??? ?????? ???? ??? ??????? ???????? y∗ ??? ??? ????
????????? y ???????? ?? ??? ?????????? ????????????? ?????? ?????????? ?????? ????
??? ??? ??? ??????????? ??? ??? ???????????? ?????????? ???? ???? ????? ??????? ????
???????? ????????????
??????? ?? ???????? ????????????
??? ????????????? ??? ??????????? ???? ?????????? ??????? ???? ??? ???? ????????
???? ??? ????? ????????????? ??? ??????????? ?????????? ??? ??? ???????????? ?????
???????? ????????? ?? ????? ??????????????? ??? ?????????? ??? ??? ??????????????
????????????? ????? ?? ?? ???????
∀t ∈ {1, . . . , T}, ∀j ∈ {1, . . . , J} : fǫtj |X1,...,XT ,αj = fǫtj ?
????? ??????? ??? ??? ?????????? ??? ?????????????? ??????????? ??? ?????????????
???????? ??????? ??? ?????? ????????? ?????????? ?????? ????? ???? ??? ??????????
??? ????????? ????? ??????????????? ?????? ???? ???? ??? ??? ?????????????????????
?????????? ?????????? ??????? ???? ??? ?????????? ???? ???? ?????????????? ??????
?????? ???? ????? ??????? ??????????? ???? ??? ??????? ???????? ??????????? ??????????
??????????? ?????????????? ????? ???????????? ???????? ????? ???????? ???? ?? ??????
??? ???????????? ????????? ???? ??????????????? ??? ???????? ?????????????? ?????????
????????? ????? ??? ????? ??? ??????? ??? ??? ????????? ???????? ??????? ????? ?????
?????? ????? ?? ?????? ??????? ????? ??????? ??? ??? ??????????? ????????? ?????? ????
??? ????????????????????? ????? ???????? ???? ??? ?????????? ?????????? ??? ?????
?????????? ????????????? ??? ??? ???????????? ????????? fα,X ???????? ?????? ?????
??? ??????? ???? ??????????? ????????? ??? ???????????????????? ??????? ????
??????? ?? ??????????????? ??? ??????????? ???? ??? ??????????????
??? ???? ?????????????? ???? ??? ????????????????? ??????????? ???? ??? ???????????? ????
??? ????????? ??????????? ?? ?? ???????
∀t ∈ {1, . . . , T}, ∀j, k ∈ {1, . . . , J} : ǫtj ⊥ ǫtk?
??? ??? ??? ???????????????????? ??? ????? ??????? ??? ?????????? ??? ??? ???????????
??? ?????????????? ??? ???????????? ???????????? ?????? ??? ??? ???? ??? ???? ????????????
??? ?????? ????? ????? ????????? ??? ?????? ????? ?? ???? ?????? ????? ?? ?????
??????? ?? ????????? ????????????????
??? ???? ???????????? ???? ??? ????????????????? ??????????? ???? ??? ?????????????? ????
??? ????????? ??????????? ?? ?? ???????
∀s, t ∈ {1, . . . , T}, ∀j ∈ {1, . . . , J} : ǫsj ⊥ ǫtj ?
??? ?????? ??????? ???? ???????????????? ??????????????? ????? ??????? ???? ?? ???
????????? ??? ???? ????? ??? ?? ??? ????? ???????? ????????? ??? ??????? ???? ?? ??? ?????
????? ?????????? ????????????? ?????????????? ?? ???????? ???????? ??? ??????? ?????
?? ????? ?????? ?? ?????????? ??????? ????????? ?????????? ????????
?? ???????????????????? ? ???? ??
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?? ????????? ?? ??? ??????????? ???? ??? ??????? ????????????? ???? ??? ???????????????
?????? ????????? ???? ??? ????? ??????? ??? ???????? ????? ????????? ???? ???? ????? ???
????? ?? ??? ????? ????? ???????? ????????? ??????? ?????? ??? ????????????? ?????????
?????? ?????????? ??? ????????? ?????????????? ?????????????? ???? ?? ????????? ?????
??????????? ???????????
??????? ?? ????????????????????
??? ????????????? ???? ???? ???? ???? ??????????? B ??? ????????????????? ??????? ????
???? ??? ??? ??? ????????????? ????????????? ??? ??? ???????????????????? ???? ???????
??????? ?? ????????? ?? ??? ???????????????????? ??? ???? ??? ????????????? ?????????
????? αB ???? ???????????????? ??? ??? ???? ????????? ??????? ?????? ????? ??? ???? ??
??????????? ?????????? ?????? ????? ????
αB = βB1 = · · · = βBM = 0?
??????? ?? ???????? ?????????????? ??? ??????????????????
???? ??? ???????????? ??????????????? ??? ??? ????????????? ??? ???????? ??? ??? ??????
??????????? ??? ???????????????? ??? ????????????? ??? ??? ???????????????????? ????
????? ??? ???????????????? ?????? ?????????? ????? ??? ???????????????????? ???? ?? ????
?????? ?????? ???? ??? ???????????? ????????? ???? ??? ?????????????? ????????? ?????
??????? ????????? ???? ??????? ?? ?? ???????







??? ?????? X¯ ??? ???? ??? ?????? ??? ??????????? ??? ???????? ??? ?????? X ???? ???
?????????????? T ? ??? ???????? ???? X − X¯ ??? ???? ??????????????????? i ????????
?????? ????
∀i ∈ {1, . . . , N} : X − X¯ =
 xi11 −
�Ti
t=1 xit1 . . . xi1M −
�Ti
t=1 xitM??? ? ? ? ???
xiTi1 −
�Ti




??????? ?? ????????? ???????????????????
???? ??? ??????????????????? ?????? ??? ??? ???????????????????????????? ???
???????? ?????? ???? ??????????? ???? ??? ??? ?????????? ???? ???????? ?????????????
????? ??? ?????????? ??? ??? ???????????? ????????? (yi, Xi)i=1,...,N ??? N ?????
????????????????? ??????? ????? ??? ???????? ???? ??? ???? ??????????????????? ????
????????? ??? ?????????? ??? ???????????? ????????? ???? ??? ???????? Ti ???????
????? ??? ?????? ??? ?????????????? Ti ??? ?????? ???????? ????? ?????????????????? ???
??? T ?????????? ??? y? X ??? α ???? ??? ???????? ?????????????? ?????????? ???????
???? ??? ?????????? ((yi1, . . . , yiTi), (Xi1, . . . , XiTi))i=1,...,N ?????????? ??? ?????????
???????? ???? ?? ?? ???????
∀i, j ∈ {1, . . . , N} :
f(yi,Xi)(·) = f(yj ,Xj)(·)?
???????????????????? ? ???? ?? ??
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Klaus Pforr ????? ?????
f(yi,Xi)(·) ⊥ f(yj ,Xj)(·)?
??? ??????? ??? ??? ??? ??? ???????????????????? ????? ??? ????????? ????????? ???
??? ????????? ??? ??????????????????????? ??? ????? ????????? ?????????? ???? ???
??? ??? ??????????????????????????? ??? ????????????????????? ???????????? ??????????
?????? ????? ???? ????? ??????? ????? ???? ????? ???? ??? ???????? ?????? ?? ???
?? ????????? ???? ??? ?????? ??????? ????????????? ?????? ??????????? ????????????
??? ???? ????????? ???????????? ?????????????? ?????? ??????? ??? ????? ???? ????? ???
?????????? ??? ???? ????????????? ??????? ???? ??? ?????? ???? ???? ??????? ???????????
???? ??? ?????? ??? ?????????????? ??? ???? ????????????????????? ?????? ??????? ????
???? ????????? ???? ??? ?????? ??????? ??????????????? ???? ??? ??????????? ???????
????? ?????????? ??????? ????????? ??? ??????? ?????????? ??????????? ??? ??? ??????????
????????? ???? ?? ????????? ????? ??????????? ???????????
???????????????????????????
?? ??? ??????????????????????????? ??? ????????? ???????????? ?????? ??? ??? ??? ?????
???????????????? ?????????? ??????? ???? ??? ??????????? ???? ??????? ???? ???? ?????????
??? ??? ??? ???????????????????? ??? ???? ??????? ?? ??? ??????????????????? ???? ???
??????????? j ??????? ????? ??? ??????????????????? ???? ??? ?????? y∗j ?????? ???????????
?????? ??? ??? ??? ????? ??????? ????????????? ???? ???? ??? ??? ????? ??????????????
∀t ∈ {1, . . . , T} : ??(yt = j) = ??(y∗tj ≥ ???
k �=j





??? ?????? ????????? ?????? ????? ???????????????? ??? ???? ????????????? ????????
??? ??????????????????????????? ??? ???? ??????????? ??? ????? ????????????? ? ??? ???
??? ???????????????????? ??????????? ??????????? ????? ? ???????????
??????
∀t ∈ {1, . . . , T} :




k �=B ???(αk +Xtβ′k)
??? j �= B?
??(yt = B) = 1
1 +
∑
k �=B ???(αk +Xtβ′k)
?
????? ????????? ???? ??? ??????????????????????????? ??? ???????????? ?????? ??? ???
??????? ??? ???? ??? ??????????????? ??? ??? ?????? ??? ?????????????? ??????????? ???
??? ??????????????? ?? ??? ??? J = 2 ?????? ????? ????????????????????????? ??? ????
??? ????????? ??? ??? ??????????????????? ??? ?? ????????? ??????????? ???????????
?????
????????????????????????????
??? ??? ??? ???????????????????? ?????? ???? ???? ??? ?????????????????????? ???
??? ???????????????????????????? ?????????? ??? ??? ?????????? ???? ???? ????????
????????????????? (yi, Xi)i=1,...,N ??? N ????????????????????? ???????? ??? ?? ???
?? ???????????????????? ? ???? ??
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????? ?? ??????????? ???? ?? ????????? ?? ??? ???????????????????? ??? ???? ??????
????????????????????? ???? ????????? ??? Ti ??????????????? ???????? ????? Ti ????
??????????? ????? ???????????? ???????????????? ???? ??? ??? ????????? ????????????????
?? ?????? ???? ??? ?????????? ???? ??? ????????????????????? ?????? ?????????? ???
????????? ???????? ???? ??????????????? ??? ??? ??????????????????? ℓi(β) ??? ??? ?????
??????????????? i ??? ???????? ?????? fyi|Xi,α,β ? ????? ???????? ?????????????? ?????? ????
??? ??? ????????? ???? ???? ??? ??????????????????????????? ?? ????? ?????????????
??? ???? ????????????





??(yit = j|Xi, α, β)δyit,j ?
????????????? ????? ???? ???? ??? ??? ???????????????????? ??? ??? ???????? ???? ???
?????????? ?????????? ??? ????????? ???????? ??????? ???? ??? ?????????????? ?????? ???
????????????? ??????????????????? ??? ??? ??????? ?????????? ????????








δyit,j ?? ??(yit = j|Xi, α, β)?
?? ????????? ?? ??? ???????????????????? ???? ???? ??? ?????? ????????? ????? ??? ???
??? ???????????????????? ??? ??? ???????????????????????????? ??? ??????????????
????????? ????????? ??????? ?? α ???? ????????????? ??????????????? ???? ??? ??????????
??? ??? ???????????? ?????????X ?????????? ???? ??? ???????? ???????????????????? ????
?????? ??????? ?? ???????????? ????? ???? ??????? ??????? ??? ???? ??? ??? ?????????
?????????? ??? ???????????? ????????? y ??? X ??? ??? ?????????? ?? ??? ??????????
??? ???? ??? ???? ????????? ????? ??????????????????? ????? ?? ?? ????? y ??? X ???? y− y¯
??? X − X¯ ??????????? ??? ????? ????? ????? ??? ???????? ????????? ????????????? ???????
??? ??????? ?????? ??????? ?????? ??? ??????????? ??????????? ??????????????? αi ????????
?? ????????? ????? ?? ??? ???????????? ?????? ??????? ??? ??? ?????????????????????
?????????? ????????? ??? ????? ???????? ???????? ??? ??? ?? ?????? ?????? ????????????
??????? ?????? ????? ?????????????? ????? ?? ?????? ???? ?????? ?????? ???????? ???
??? ???? ??? ??????????? ??????? ?? ????? ???? ????????? ????????? ??? αi? ??? ????? ?????
??? ???????????? ???????? ??? ??? ?????????????????????? ?????????? ?????? ????? ??
????? ??? ??????????? ???? ?? ??? ??????? ???????? ?? ????? ????????? ??? ????????
?????? ????????? ???? ??????? ????? ??? ????? ??????? ??? ??????? ????? ??????????
?????? ???? ???????????? ??????????? ?????? ????????? ?? ????? ???? ???? ???? ?? ???????
??? ?????????????
??? ??????? ?????????? ?????? ????? ??????????? ?????? ??? ????? ?????? ???? ??????
???? ????????? ??? ??? ????????????? ????????????? α? ??? ???????? ??????????? ???? ???
??????? ????? ?????????? ????????? ????????? ????????? ???????? ?????? ??? ???? ?????????
?? ?? ????????????? ???? ???? ??????????????????? ??? ????????????????? ?????????? ??????? ?? ?? ?? ??????
N − 1 ??????? ???????????????
?? ??? ??????????? ???? ??? ??????? ??? ??????? ?????? ?? ?????? ????
?? ???? ?????? ????????????? ????? ??? ????? ?????? ?? ?????? ??? ??????? ??? ??????? ?????? ?? ?????
???????????????????? ? ???? ?? ??
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Klaus Pforr ????? ?????
kij ?? ?????? ????? ???? ???????? ???? ??????????? ? ?? ??? ???? ????????????? ??????
???? ???? ??? ????????? (yi1, . . . , yiT )? ???? ????????? kij ??? ???????? ??? ????? ?????????
αij ? ???? ??? ?????????? ??? ???????????? ??? ??? ??? ????????? ??????? ??????? ??? ?????
????????? ?????????? ??? ??? ?????????????? ????????? ???? ??? ?????????????? ??? ???
????????? ??????? ??? ??? ????????? ????????? ????? ???? ????? ???? ??? ??? ?????????
??? ?? ?? ?????? ?? ????? ??? ???? ???????????? ??????????
fyi|ki,αi = fyi|ki ?
??? ?????? ????????? ?????????????? ????? ???? ???????????? ??? ???????????? ???????? ???
??? ?????????????????????? ??????? ?????????? ????? ???? ??? ???????? ?? ???????????????
???? ?? ??? ?????????? ????????? ??? ??????? ??????????? ????? ??? ?????????????? ?????
?????? ??????? ??? ?? ??? ?????????? ????????? ???? ??? ?????????? ??? ?????????? ???????
??? ????? ????????? ??????? ???? ????? ??????????? ??????????? ???? ??? ????????? ?????
??????????? ?????? ????? ?? ?????? ?????????????? ???? ??? ?????????? ??? ??? ???
?? ??????????? j ???? ??? ???????? ?????? ??????? ?????? ∑Tit=1 δyit,j ???? ?????????
????????? ??? αij ???? ?? ?? ??? ?????????????????? ??? ??????????? ????? ?????????? ?????
????? yi? ??????? ??? ????? ????????? ?????????? ??? ?????????? ??? ??? ??????????????
????????????? αij ? ????? ???? ??????????? ?????????? ????? ???? ???????? ??????? ???????
?? ?????????? ??? ????????? ??????? ??? ?????????? ???? ????????? ??????????????????? i?
??? ????? ?????? ????? ??? ??? ?????? ??? ?????????????? ??????????????? (αi1, . . . , αiJ)
??????? ????????? ????? ??????? ?? ????? ??? ??? ??? ??????????? B ??? ????????????
?? ????????????? αiB = 0 ???????? ?? ?? ???????? ??? ??? ??? ?????????????? ?????? αi =
(αi1, . . . , αiB−1, αiB+1, . . . , αiJ)? ??? ?????? ?????? ??? ??? ??? ?????? ??? ????????????
??? ?????????? ??????????? ??????? ????? ki = (ki1, . . . , kiB−1, kiB+1, . . . , kiJ)? ???
???? ??? ???? ????????? ????????? ???????? ????? kij =∑Tit=1 δyit,j ? ????????? ??? ??? ???
?????? di ???????? ??? (di1, . . . , diTi)? di ?????????? ?? ?????? ???????? ??? ?????????? ???
?????? yi? ??? ???? ????????? ????????? kij ??? di ??? ??????? ??? ??? ?????∑Tit=1 δdit,j = kij ?
?????????? ??? di ???? ??? ??????? ?? ??? ??? ??????????? j ??????? ??? ??????? ???? ???




(di1, . . . , diTi)






?????????? ????? ???? ∆i ??? ??? ????? ????? ??????????? di ??? ???????????? ????????
yi ???? ??? ???????? ??????????????? ??? ????? ????????????? ??? ??? ?????????? ??? ???
???? ????????? ??????????? j ??????? ????? ??????? ???? ???? ????????????? ?? ???????
????????????? ??? ????????????? ??????????? ??????? ?????? ???? ????????????????
???????????? ???? ????? ???????? ?? ????? ???????? ??????????????? ??????? ?? ??????
???? ?? ????????? ??? ????????? ??? ???? ??????????????????? ??? Ti = 3? J = 3 ???
yi = (1, 2, 3)? ??? ??????? ???? ??? ???? ???????????? ???? ?????? ???????? ??? ??????????
??? ????? ??????????? ??? ?????????????????? B = 1? ????? ??? ??? ????????? ????????? ???
??? ?????? ??????????? ki2 = 1 ??? ???????????? ki3 = 1? ??? ?????????????????? ∆i ???
?? ???????????????????? ? ???? ??
GESIS-Schriftenreihe  |  Band 11 45
Implementation und Anwendung der multinominalen logistischen Regression mit „fixed effects“?????????????? ??? ????????? ??? ????????????? ???????????? ?????????????????? ??? ?????? ????????
???? ??? ????? ????? ????????? ?????????? ??? ???? ??????????????? ??? ???? ????????
?????? ??? ????? ??? ?????? ??? ?????? ??????????? ??????? ????? ?????? ??????? ???????
{(1, 2, 3), (1, 3, 2), (2, 1, 3), (2, 3, 1), (3, 1, 2), (3, 2, 1)}?
??? ?????? ???????????? ???????? ???? ??? ???????????? ???? ??? ??????????????
fyi|Xi,αi,β ? ??????? ??? ??? ????????? ????????? ki? ?????????? ??? ??? ??????????????
????????????? ???? ??? ????????? ???? ??????????????????? i ??? yi ??? Xi? ??? ???????
????????? ??? ??? ?????????????? ??????????????? αi? ??? ???????? ??????? ??? ??? ???





?? ??? ????????? yi ???? ki ??????????? ???????????? ???? ????? ?????? ???? ??? ??? ?????







??? ?????????????? ?? ?????? ???? ??? ???????????????????? ??? ???? ???? ????????? ????
??????? ????? ??? ??? ?????????? ????????? ki ??????? ?? ?? ?? ?????? ????? ??? ????? ????








??? ?????? ???? di ?????????? ??? ??????????????????? ???? ???? ????????? ????????? ????
??????? ????? ??? ??? ??????????? ??? yi ??? di ??? ????????? ???? ??? ??? ??????????













j=1 ??(dit = j)δdit,j
??????? ??? ???? ??? ??????????????????????????? ??? ???? ??????????? ?? ??????????


























??? ???????? ???? ??? ?????? ??????? ??????? ?? ??? ?????? ??????? ??? ?????????????
????? ??? ???????????? ????? ?????????????? ????
?? ?? ??????? ???? ki ??? ?????????? ???????? ??? ??? ???????????? ???????????????
αi ???? ???? ?????? ???????? ?? ????????? ??????? ???? αi ??? ?????? ???????? ????
?????????? ???????? ?????? ???? ??? ?????? ??? ?????? ?????? ??? ??? ???????? ??????
??????? ??? ???? 1 +∑Jk=1,k �=B ???(αik +Xitβ′k) ??? ?????????? ??? ??? ????????????
?? ???? ?????????? ???????????? ??????? ??? ?????? ?????? ?? ?????????
???????????????????? ? ???? ?? ??
46 GESIS-Schriftenreihe  |  Band 11
Klaus Pforr ????? ?????
j? ?? ?? ?????????? ?????? ?????? ??????????? ??? ????????? t ??????? ????? ???? ???




















??? ??????? ??? ??? ?????????????? ????? ???? ??? ?? ??? ?????? ??? ?????? ??? ??????




















??? ????? ?? ?????? ????? ???? ?????? ??? ??????? ??? ???????? ??????? ??? ??? ???
????????? ???????????????? di ?????????? ???? ?? ?? ??? ?????? ????? ???? ??? ??? ????





















???? ?????? ???? ??? ??? ?????? ?????? ??? ?????? ?????? ??????? ?? ???? ???? ??? ????











??? ?????? ??? ??? ????? ??? ???????????? ??????????? ?????????????? ??? ???????????
??????? ?? ??? ????????????????? ?? ??????????? ???????? ??? ??? ????? ??? ??????????
?????? ??? ???????????? ??????????? ??????? ?? ??? ????????????????? ?? ??? ??????????
??????? ??? ???? ?????????????? ??? ??? ?????? ???? ?? ??? ??????? ?? ?????? ??? ????
??? ?????????? ????????? ???? ????????? ??? ?????????? ???????? ??? ??? ???????? ??











?? ??? ??????? ???? ????? ?????? ??? ????????? ?????????????????????? ???? ???? ??????? ??? ????? ????????
?? ??? ??????????????????? ????? ??????? ???? ??? ????? ???? ????? ??? ????????? ?????? ??? ???? ?????
?????? ???? ????
?? ???????????????????? ? ???? ??
GESIS-Schriftenreihe  |  Band 11 47
Implementation und Anwendung der multinominalen logistischen Regression mit „fixed effects“?????????????? ??? ????????? ??? ????????????? ???????????? ?????????????????? ??? ?????? ????????
?????? ???? ??? ??? ??????????? ????? ??? ????????????? ????????????? ??? ?????? ????
????? ?? ??????? ???????? ?????? ???? ??????? ??? ????????????????? αij +Xitβ′j ??????




















???? ???? ???? ?????? ?????? ?? ?????? ??? ?? ?????? ???? α ??? ??????????????????
??????????? ?? ?? ??? ???????? ?????? ???? ???? ??? ????????????? ??? ???? ??? ???? ????????




















??? ?????????? ??? ???????? ???? (???(αij))δyit,j ???? (???(αij))δdit,j ? ??? ???? ????????
????????? ??????????? j ??? ??? ???? αij ???? ??? ?????????????? t ??????? ?? ?? ??? ???????





















??? ???? ????????????? ?????????????????? ???∆i ??? di ??????? ???∑Tit=1 δyit,j = kij =∑Ti




















???? ??? ??? ??? ????? ?????? ?? ?????? ??? ??? ?????????? di ??????????? ?? ?? ???




















??? ?????? ????? ???? ??? ??????? ??? ?????? ?????? ?? ?????? ??? ?????? ??????? ??












??? ?????? ????????? ????? ??? ???? ???????? ???? ??? ???????? ?????? f(yi|ki, αi) ?????
?????? ??? ?????????????? ????????????? αi ???? ?? ?? ki ??? ???? ????????? ????????? ???
αi?
???????????????????? ? ???? ?? ??
48 GESIS-Schriftenreihe  |  Band 11
Klaus Pforr ????? ?????
??? ????????????? ??????? ???? ???? ??? ????? ????????? ????? ??? ?????? ???? ???
???????? ???????????? ??? ????????????? ??? ????? ???????????? ???????????????????
???????? ??? ?????????????????????? β ???????? ???? ??? ??? ??????????? ??????? ??? ?????
??????? ??????? ??? ???? ???? ???????????????????????? ??? ???????? ????????? ?????????
????????
??? ??? ??????????? ????? ????????????????????????????? ??? ??? ??????? ??? ?????
?????????? ????????????? ??????? ???????????? ??? ??? ???????? ?????????????? ??? ?????
???????????????? ??? ??? ????????? ??? ????????? ???? ??? ???????? ???? ????????? ????
??? ?????????? ?? ?? ??? ???????? ?????? ?? ??? ??????????????????? ???????? ??? ?? ??
?????? ?????????? ????? ?????? ??? ?????????? δyit,j ? ???? δdit,j ??? ??????????????
?????? ??????? ?? ????????? ??? ??????????????????? ??? ??? ?? ?????? ?????? ????????????
??????????????????? ??? ?????
?????? ℓi(β) = fyi|ki,αi =
???(∑Tit=1∑Jj=1,j �=B δyit,jXitβ′j)∑
di∈∆i
???(∑Tit=1∑Jj=1,j �=B δdit,jXitβ′j) ?
??? ??? ??? ???????????????????? ????? ??? ??? ??????? ??? ???? ??? ?????????? ???
???????? ??? ????????? ???????? ??????? ???? ??? ??? ?????????????? ??? ???????????????
??????????????????? ??? ??? ??????? ???????????
??????









































??? ??? ??? ???????????????????? ??? ??? ???????? β̂?? ??? ??????? ??? ???????????
???????? ???? ???? ????????? ????????????????? ?????? ???????? ??? ?????????? ??? ??
??????????? ??????????????? ??? ??????? ?????? ???? ?????? ??? ??? ?????????????? ???
















??? ???????? ?(?(β)) ??? ??? ?????????????? ??? ???????????? ???? ??? ??????????? ???
???????????? ??? ?????? ??? ?????? ??? ??????? ?????????? ??????????? ??? ???????????










?? ???????????????????? ? ???? ??
GESIS-Schriftenreihe  |  Band 11 49
Implementation und Anwendung der multinominalen logistischen Regression mit „fixed effects“?????????????? ??? ????????? ??? ????????????? ???????????? ?????????????????? ??? ?????? ????????
??? ??????????????????? ?? ????????? ???? ??? ??? ???????? ?? ????????? ????? ?????? ???
??? ??????????? ???? ??? ???????????????? ??? ???????? ????? ???????????? J ? ????????????
?????? ??? ??? ??????????? ??????? ??? ??? ???? ????????????? ????? ??? J = 2 ??????
????????? ??? ?????????? ?????????
??? ??? ???? ????????????? ????????? ??? ????????????????? ???? ?????????????? ???? ???
?????????? ????????? ??????? ???? ??? ?????????????? ????????? ??? ???????????????????
???? ??? ????? ???? ??? ????????? ???????? ????? ??????? ???? ???? ???????? ????????????
??????? ???????? ???? ?? ??? ??? ??? ???????????????????? ??? ???? ??????????? j ????
??????? ???? ??????????????????? ?????? ??? ????? ??????????? ??????? ??????
?????????????????????? ??? ????? ????? ??????? ??? ??? ?????????? ????????? ???? ???
?????????????? ????????? ???? ??? ??? ?????????????????????? ?????? ??????????? ????????
???? ???? ????????? ??? ?????? ???? ????????? ??????????????????? i ??? ??? ????????????
????????? ??? ?????????? ????????? yi = (yi1, . . . , yiTi)? ??? ??? ??????????? ????????
???????????? ????? ??? ????? ??????? ??? ??? ?????????? ????????? ???? ??? ?????????
?????? ???? ?? ?? yi1 = yi2 = · · · = yiTi ? ??? ?????????? ??? ??? ????? ????????????????
???? ??? ?????????????????????????????? ????? ?????????? ????????? y˜i = (y˜i1, . . . , y˜iTi)? ???
???? ????????? ???? ???????? ??? ????
fyi|ki,αi(y˜i) = ??(yi = y˜i) =
???(∑Tit=1∑Jj=1,j �=B δy˜it,jXitβ′j)∑
d˜i∈∆i
???(∑Tit=1∑Jj=1,j �=B δd˜it,jXitβ′j) ?
?? ????? ??????? ??? ??? ?????????? ????????? ???? ??? ???????? ????????? ??? ??? ???
??????????????????? ??? ????? ??? ????????????? ∆i ??? ??? ???????? ??????? ??? ????
???????? ????????? yi? ?????? ?????? ???? ??? ?????????????????? ??? ???? ????????? ?????????
?? ????? ????????????????? ?????
??(yi = y˜i) =
{
1 y˜i = yi
0 y˜i �= yi
?
???? ???? ????????? ??????????? h ??? ?????? ??????????????????? ?? ?????? ?????
????????? ??????? ????? ?????? ??? ??????????? ???? ??? ????? ??????????????????? ??
??? ??????????? ????????????????? ∆i ???? ?? ?? ??? ???? ????????????????????? ?????
∀i ∈ {1, . . . , N} : kih = 0? ?? ?? ??? ???????? ?????????????????????????????? ???? ?????
????? ???? ??? ?????????? ??? kih �= 0 ??? ????? ????? ??? ??? ??? ?????????? ??? kih = 0
????????? ?????????? ??????????? ??? ????? ????? ?????? ??? ?????? ??? ??????????????
????????? βh ????? ?? ??? ?????????????? ????????????????? ??? ??? ???????????????? ??
????????? ???? ???? ?? ?? ????? ????????? ???? ??? βh ????????? ??? ?????????????? ???
???????????????? ??? ???????? ????????? ???? βh ????? ????????? ???????????? ??????
?????
?????? ?????? ??? ??????? ?????? ???? ??????????????????? ????? ????? ?????????? ????
???? ???? ????????? ??????????? ?? ??? ????? ????? ??????? ????? ???? ???? ?? ?????????
??? ????????????? ???????????
?? ?? ?????? ???? ????? ???? ????????????????????? ???? ???????????? ??????? ??????
???????????????????? ? ???? ?? ??
50 GESIS-Schriftenreihe  |  Band 11
Klaus Pforr ????? ?????
??????????????
??? ????????? ???????????? ????? ?? ???????????? ??? ????????? ?????????? ??? ???
??? ????????????????????? ??? ??? ????????????????????? ??? ???? ?? ????? ?? ??????
??????? ?? ?????????????? ?? ?????????? ?????? ???? ??? ??? ????? ?????????? ??? ???
??? ??????????????????? ????????? ????? ??? ??? ???????????????????? ???? ??? ????
?????? ????????????????????? ????? ?????????????? ???? ??? ??????? ?????????? ???? ???
????? ????????????????????????? ??? ?????? ??? ??? ??????????????????????????? ????? ???
?????????? j ??????? ???? ??????????? ??? ????????????????? αij +Xitβ′j ??????? ????
??????? ??? ??????? ????? ??? ?????? ???? ??? ????????????? ????????????? αi ????? ???
?????? ??? ????? ????????? ?????? ????? ????????? ???? ??? ????????? ??? ????????????
???????? ?????? ???? ???? ????? ??????????????????? ???? αi ???????? ??????? ??? ???
????????? ??? ???? ????????? ??? ????????????????? ?????? ???????
?? ??????? ?????????????? ??? ???? ??????? ????????????????????? ?????? ??????? ????
??? ????????? ??? ???? ???????????? ??? ??? ?????????????????????? ?????? ??? ???
???????? ??? ??????? ?????????? ?? ?? ???? ?????????????? ??? ??? ?? ??????????? ????
???????????????????????? ??? ?????????????????????? ??? ??? ???????? ??? ????????
??? ??????????????????????????? ???????? ???????? ???? ??? ???? ???? ???????????
??????????????? ??? ??? ?????? ??????????????? ????? ???? ????????? ???????? ?????????
??? ?? ???????????? ??????? ??? ??? ???? ????? ????? ?????????????? ???????? ????? ????
????????????? ?????????????? ??? ???? ??? ???? ???????????? ?????? ?? ??? ????? ??? ????????
??? ?? ?????? ??? ??? ??????????? ????????? ??????? ??? ???????????? ??? ?? ??????? ??
???????????? ????????? ?? ?? ??? ??????? ??? ?????????? ?????????????? ????? ???? ???? ????
?? ??? ???? ?? ????????? ???? ?????? ??????? ????????? ??? ???????????????????? ??????
??? ???? ?? ??? ??? ?????????????? ????????????? αi ????????? ???? ???????? ???????????
???????? ?????????????? ??????? ????? ?????? ????????????????????? ?????? ???? ????
??????? ???????? ??? ??????? ?????? ?? ??? ??? ?????????? ?????? ?? ???? ??????????
????? ?????? ???????? ????????????????????? ????? ??? ??? ??????? ??? ???????
?????? ?? ???? ???? ??????? ??? ??????? ?????? ?? ???????? ????? ????????? ??? ????
?????? ????????????????????????? ??? ???????? ???? ???? ??? ??? ?????????????? ??? ??? ???
????????? ??????????????????? ??? ??? ?? ????????? ???? ??????????? ???? ?? ?????? ???
??????????? ?????? ??? ??? ???????? ?????????????????? ?? ????????? ???? ?? ????????????
???? ?? ?? ??? ????????????? ??? ??? ???? ?? ????? ???????????? ????????? Xm ??? ???
??????????????????? ???? ???? ????????? ????????? ??? ?????????????????? ??????? ?????
??????? ??? ??? ??? ???? ??????????????????? i ?????????? ????????? ????????? ki? ?? ??
??????? ??? ??? ?? ??? ???????????? ????????? Xm ??? ??? ??????????? ????????? yi ???
???????????????????
DEXm,yi = ??(yi|Xi + 1, ki, αi)− ??(yi|Xi, ki, αi)??????
=
???(∑Tit=1∑Jj=1,j �=B δyit,j(Xit + 1)β̂′j)∑
di∈∆i




???(∑Tit=1∑Jj=1,j �=B δdit,jXitβ̂′j) ?
?? ???????????????????? ? ???? ??
GESIS-Schriftenreihe  |  Band 11 51
Implementation und Anwendung der multinominalen logistischen Regression mit „fixed effects“?????????????? ??? ????????? ??? ????????????? ???????????? ?????????????????? ??? ?????? ????????
??? ??? ???????????? ??????????? ??????????? ????????????? ??? ????? ??? ????? ????? ???
?????????? ????????? ??? ??? ????????????????????????? ????? ???????????? ??????? ???
????????????? ??? ?????? ??? ???? ??????????? ???????? ??? ??? ??????????? ????? ????????
??? ????????? ??? ?????????? ????????? ???? ??????? ??? ??? ?????????? ??????? ?? ???
????????? ????????????? ?? ??????????? ???? ????? ??? ???? ?????????? ??? ??? ??????????
??????????????????? ????????? ?????????? ?????? ????????? ?????????? ???? ???? ?????????
??????????? ???????? ??? ???? ???????????? ???? ??? ??? ???? ??????????? ????????
?? ????? ?????????? ????????? ??????? ???? ??? ??? ???????? ??? ?????????????????
?????????????? ??? ????????? ????????? ??????????
??? ?????? ??????? ??? ?????? ???? ????????? ??????????????????? ???????? ??? ???
????? ?????? ???? ???? ???????????? ??? ????? ????? ???? ??? ????????????????????
??????? ?????? ?? ?????? ??????? ?????? ??? ??????? ??? ??????????? ??????? ???? ????? ???
??????? ??? ?????????? ?????????????? ????? ???????????? ????????? ??? ??? ???????
??? ??????? ?????????????? ?????????????????????? ??? ?????? ??? ??? ????????? ???? ???
??? ???? ???????????? ?? ??? ????????? ?????? ????? ?????????? ???????
????? ???????????????????????? ??? ???? ????????? ??? ???????????? ??????????? ?????
???????? ?????????? ?? ??? ?????? ??????????? ??? ???? ??? ???? ??????????? ??? ???
???????? ??? ?????????????? ?????? ????????????? ???? ??? ??????? ????????????? ??? ???
????? ????? ???????????? ????????? ??? ??? ??????????? ????? ?????????? ????????? ???
????? ??? ??? ?????????? ???????? ???? ??? ??? ?????? ??? ??? ????? ??? ?????????????
??? ????????? ????????? ??????????? ??? ????? ????? ??? ????????????? ??????????? ?? ???
????? ????????????? ???????? ???? ??? ??? ?????? ??? ??????? ??? ???? ?????????
????????????? ??? ?????????? ????????? ??????????? ???????? ???? ???? ??? ???????? ???
????????????? ????????????? ??? ??? ?????????? ????????? ???????? ??????? ????? ???? ???
??????? ???? ???? ??? ???? ??? ??????????? ??? ?????????????? ????????????? ?????
??? ?????????? ????????? ?????? ???????? ???? ??? ????????????? ???????? ??? ???????
??? ??? ???????????? ????????? ?????? ????? ??? ?? ???? ??????? ??? ??? ???? ??
????????? ??? ?????????? ????????? ????????? ?????????
????? ??????? ???????????????????????? ????? ??? ??? ???????? ??????? ????????
??????? ???? ??? ??? ????????????? ????? ?????????? ???? ?? ?? ??????? ???? ??? ????
?????????? ?????????????? ????? ??????????????????? ????????? ???????????????????????
?????????? ???????????? ??????? ????? ????????? ????? ???? ???? ??????????? ??? ???????
??????? ??? ???????????????????????????? ???? ???? ????????? ?????? ??????? ???? ????
??? ???? ????????? ??? ??????? ??? ??????? ??? ???????? ???? ??? ??????????? ?????
??? ??? ????????????? ???????? ??? ????????????? ??? ??? ???????????? ????????? ???
??????? ????? ????? ????? ????????????? ???????? ?????????? ???? ????? ?????????????
?????? ??????? ??? ??? ?????????????? ???????????????????? ????? ??????????????????
????????? ??????? ??????????? ????? ???? ???? ??? ????? ???????? ????? ???? ??? ???
??????? ??? ??????????????????????? ????
????????? ????????? ????? ????? ??? ????????? ??? ??????? ??? ??????? ???? ???
????????? ??? ???????? ??????? ?? ????? ?????????? ?? ??????????? ????????? ????? ???
??? ??????????? ???????? ??? ???????????? ????????? ??? ??? ????????????? ??????????
??? ?????????? ???????? ?? ??????? ??? ??? ???????????????????? ???? ????????????????
???????????????????? ? ???? ?? ??
52 GESIS-Schriftenreihe  |  Band 11
Klaus Pforr ????? ?????
?????? ??? ??? ???? ???????????? ?????????????? ???????????????????????? ??? ??? ?????
?????? ?????????????? ??? ??? ????????? ?????????? ??? ??????????????????? ????? ???
??? ????? ??? ?????? ?? ???????????? ????????? ???? ??? ??? ???????????????????? ???
??? ????? ??? ???? ????????? ???????????????????????? ?????? ??? ?????? ??? ??? ?????
???????????????????? ???????????
????? ?????????????
????????? ??? ??? ?????????? ????????????? ??? ????????????? ??? ???????????????
????? ?????? ?? ???????? ???? ????????????? ??? ?????? ????????????? ????????????????
??????????? ??? ?????????? ??????? ??? ??????????????? ??? ????????????? ???????????????
??? ??? ??????????????????????? ???????????
????????? ?????????
??? ??? ???????????? ?? ??? ???????????????????? ????? ??? ??? ??????? ? ???
??????? ?? ??? ??????? ?????????? ???? ???? ??? ?????? ??? ?????????????? ???? ???
????????????????????? ?????? ????????????? ??????? ?????? ????? ?????? ?? ??? ???
??????? ??? ???????????????????????? ??????????? ?? ????????? ???? ?????? ??????????
????????????? ??? ????? ??? ???? ??????????????????? ?????? ????? ?????????????? ???????
?????? ??????? ??? ???????????????????????? ???? ?? ???????????? ???? ?????? ???????
?????? ??? ????????? ????????????????????? ??? ????????? ?????????? ?????? ???????
??? ??? ?????? ??????????? ??????? ???? ????? ????? ??? ??????????? ?????? ??? ???
????????????? ???? ???? ?????? ??? ????????? ????????? ????????????????????? ????????
?? ?????????????? ????? ???? ???????? ?????? ??? ???????? ????????????????????? ???
?????????? ????????? ?????? ???????????? ???? ???? ??? ?????????? ??? ??????? ????? ??
?????? ??? ????????? ?????? ??????? ??? ????????????????????? ???? ?????? ??? ??? ????
???? ?????? ???????????? ?????? ???? ???? ?????????????? ??? ????????? ????????? ???????????
??? ?????? ??????? ????? ?? ????? ?????????? ??????? ????????? ?????????????? ??? ????????
??????????????????????
???????? ??? ?????????????? ???? ?? ???? ???? ????? ?? ??? ??????? ??? ?????????? ??????
?????????????? ?? ??????? ????? ???????? ?? ??? ?? ?????? ?????? ??????????? ????????
???????? ?????????? ??????????????????? ???? ??? ??????? ?? ??????????? ???????? ????
???? ??? ?????????? ??? ????????????????????? ????? ??????? ???? ?? ?? ??? ?????????????
???????????????? ??? ????????? ????????? ????? ?????? ???? ???? ????? ?????????? ?????
?????? ??????? ??? ????????????? ????? ???????? ??????????????? ??? ????????????????
???????? ?????????? ??? ??? ??????????????? ??????????? ????? ?????????? ??? ???
????????? ??? ?????????????? ??? ???? ????????????????????
????? ??? ??? ???????????? ???? ?????? ?????????? ???? ??? ???????? ????? ???????
????????? ??????? ?? ??? ???????? ? ??? ?? ????? ??? ??????????? ??? ????????????
???? ?????? ?????????? ??? ???? ??????????????????? ?? ??????????? ???? ??? ?????? ???
?????????????? Ti ???? ??????????? ??????????????? ???? ?? ???????????? ??? ???? ???
?? ???? ?????? ?????? ?? ??????? ??? ?????? ?? ???? ??????? ??? ??????? ?????? ?? ????? ?????????? ??????
?? ?????? ?????????
?? ???? ?????? ???? ??????? ???? ??? ???????? ???????
?? ???????????????????? ? ???? ??
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??????????? ????????? ??????? ??? ?????????? ???? ??? ????? ????? ????????????????
?????? ??? ?????? ????????????? t = 1 ??? ??????? ????????????? t = T ? ??? ??? ?? ????
??????????? ??? ????? ??????? ????? ?? ?? ????? ?????????????? ????????? ????? ??? ????
?????? ??? ????????? ????????????? ?? ??????????? ???????? ???? ???? ?????????????
?????????? ????????? ??? ????????????????? ???? ???? ???? ?????????? ??? ? ????????
?????????????? ???????? ??? ???? ??????????????????? i ????? ???? ????????? ?????????
(yit, Xit, αi) ???? ?? ??? ????? ?????????? ????????? t ???? ??? ??????????? ????????
??? ???? ????????? ??????????????????? i ???? ??????? ????????? ???? ????? ????? ??????
??????????? si = (si1, . . . , siT )′ ???????? ????? sit = 1 ???? ???? ??? ??? ????????? t ????
??????? ????????? ?????? ???????? ??? ??? ?????????? ???? ??? {(yi, Xi, αi, si)}i=1,...,N ?
?? ?????? ???????? ??? ???? Ti ??? ?????? ????? ????????? ??? ??? ???????????????????
i? ∑Tit=1 sit = Ti? ??? ???????? ???? ?? ?????? ???????? ???? ??????????????? ???? ?? ???
???? ?????????? ???? ??? ????????????????????? i ??? j ????????? ?????????????? ????
????????? ????? ?? ??? ????????? ????????? ?? ????? ??????????? ???????? ??????????
??? ??? ????????? ??? ?????????????????????? ?????? ???????????????????????? ???
????? ?????????? ????????? ?????????????? ??? ????????????? ???????? ??? ?????? ???
????? ??? ??????? ?????? ????? ???? ?????? ???? ???? ??? ???????????????? ?????? ??? ???
???????? ????? ??????? ?????????? ??? ????? ??????? ??? ??????? ????? ?? ????? ????
????? ??????? ????? ?????? ????????? ???????? ???? ??? ????????? ??? ??? ?? ??? ??????
????????????? ?????????? ??????? ???? ??? ??????? ???????? ???? ???? ???? ??? ????????
????????? ???? ???? ?? ?? ???????????? ???? ???????? ????????? ??????? ???? ??? ????
???? ????? ??????? ??? ?????????????????? ?????????? ?????????? ????? ?? ?? ??? ???????
???? ???????? ????????????????? ??? ??????????? ???? ??????????? ?? ??? ???????? ????
????? ?????????? ?????? ?????????? ??? ???????????? ???? ???? ??? ????? ?????????? ?????
???? ??? ????????????? ????????? ???????? ???? ??? ??????????? ??????? ???????????? ???
???????????? ?????????? ?? ?? ?? ????? ?????? ????????????? ????
??? ???????????????????? ??? ??? ?????????????? ??? ??????????????? ?????? ??? ?? ???
???????? ? ??? ?? ???????????? ??????? ???? ??? ?????? ??? ?????????????? ????????
??? ??? ??? ????? ??????? ????????? (yi, Xi, αi)? ???? ??????? ????????? ???? ???????????
?????????? ???? ??? ???????????????? ????????? ????????? ???? ?? ???? ???? ????????
???? ??? ????????????????????? ???????? ???????? ??? ??? ??????????? ??????? ???? ?????
?????? ?????? ?? ???? ??? ???? ??????????? ????????? ??? ??? ?? ?????? ?????? ?????????????
???????????????????? ???????? ???? ??? ????????????????????? sit ??????????? ????? ???
???????????? ???????????? ????????? Xit ??? ??? ???????? ??????????????? ??????????
???? ????????????? αi ???????????? ?????? ??????? ??? ??????? ????????????? ????? ???
???? ???????????? ?????????? ??? ?????????????????????? ?????????? ??? ??? ??? ?????
??? ??? ??????? ?????? ?? ???? ??? ?????????? ?????? ?? ???????? ????? ??????????? ?????
????? ????????? ?????? ?? ??? ?????? ?????? ????????????? ???????? ????? ??????????????
??? ?????? ????? ????? ?????? ???????????
?? ???? ??? ???????? ??????????? ??? ??????? ??? ??????? ?????? ?? ?????
???????????????????? ? ???? ?? ??
54 GESIS-Schriftenreihe  |  Band 11
Klaus Pforr ????? ?????
????????????? ??????????????
??? ??? ???????????????????? ????? ?????? ?????????? ???? ??? ?????????? ??? ??????
?? ?? ???? ??? ???????? ?????????????? ??? ??????????? ???? ??? ?????????????? ???????
???????? ?????????????? ?? ???????? ????? ???? ???? ???? ??? ????????? ?????? ??????
??? ????????? ??? ??? ??? ?? ?????? ?????? ???????????? ??????? ??????????? ??????? ???
?????? ?????? ???? ???????????? ??????? ???? ???? ??????? ?????????????? ????? ??? ???
????????????? ???????? ??? ????? ??? ?????????? ????????????????????????? ?????????
?? ?????? ???????????? ????????????????????? ??? ???? ?????????? ?? ?????????????
???????? ?????????? ???? ??? ??? ????? ??????? ?????????????? ???????? ????? ??? ????
???????? ?????? ?????????? ???? ??? ??????????? ??? ??? ????????? ??? ??????????????
?????????????? ??? ???? ?? ?????? ?????? ???????????? ??????? ?????? ??????? ??????? ???
?????????
??? ????? ??? ??? ??????????????????? ????? ??? ?????? ??? ????????? ???? ???? ???



















?? ??? ???????? ???????????? ???? ??? ??????????????????????????? ??? ??? ?????
??????????????? (α, β) ??????????????? ??? β ???????????? ?? ??? ???????? ????? ?? ????
????????????? ??? ??????????? ???? ??? ?????????????? ?????????????? ?????? ??? ???? ????
??????? ??????? ???? ??? ???????? ??? ??? ?? ??? ??????????? ??? ??? ???? ???????? ?????
??????? ??????????? ???? ????? ??????? ??? ??????? ????? ?? ??? ??? ?????????? ?????
?? ????? ?????? ?????? ?? ???? ?????? ??????????? ???? ??? ??? ??????? ??? ???? ???????????
?????? ?????? ???? ????? ???? ??? ???? ?? ??????????????????? ?????????? ??????????????
??????? ????????? ????? ?? ???? ??? ?????????? ?? ??? ???????? ?????? ???????????? ?? ???
?????????? ???? ?? ??? ?????? ?? ?? ????? ?? ??? ?????????????? ?????????? ???? ????
??? ????????????????? ??????????????? ????? ??? ??????? ?????? ???? ??? ???????? ??? ???
?????????????????????? β̂?? ?????????????
???? ???? ???????????????? ????????? ?? ?? ??? ??????????? ?????? f∗
y|X,β ????? ???
???????? ?????? ??????????? ???? ??? ????? ???????????????????????????????????
????? ????????? ????? ?????? ??????? ??? ??????? ????? ?? ????? ??? ?????????? ?????
?? ????????? ??? ???????????? ????????? ??? ?????????????? ??????????????????? ?∗(β)?
??? ??? ??? ????????????????? ?????? ??????
??????? β̂??? = ???
β
?∗(β)?
?? ???? ?????? ?????? ?????? ?? ?????????
?? ???????????????????? ? ???? ??
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β∗ �= β?
??????? β̂??? p−→ β∗ �= β?
??? ???????????? ??? ?????? ???????????? ??????????????? ????? ??? ????????????????
?????? ?????? ??? ?????????????? ??? ???????? ??? ??? ????????????????????????????
????????? ???????







??? ???????????? ??? ?????? ??? ?????? ??? ??????? ????????? ??????????? ??? ???????????










??? ???????? ?i(β∗) ??? ??? ????????????????? ?? ?? ??? ????????? ??? ??????????????????












?? ?????? ???? ??? ?????? ????? ??? ??? ?????????????? ???????????? ????????? ???????
??? ????? ??? ???????? ?????????????? ?????? ??? ??? ??? ???????????? ??? ??? ??????
? ???????? ???????? ??? ????????????????? ???????? ?????????????? ??? ????? ????????? ???
?? ???????????? ????? ??? ?????? ???? β ???????? ????? ?????? ?????? ????? ?? ??????
??????? ??? ??????? ????? ?? ???? ???? ?????????? ????? ?? ????? ??? ???????????? ???
???? ????? ??? ???????????? ???? ???????????? ???????? ???????????????? ???? ?? ??? ????
????? ?????? ??????????? ??? ???????????? β̂??? ????????? ??? ??????? ???????? ???
????????????????? ?????? f∗
y|X,β ??? ??? ?????? ??????????? ?????? fy ? ??? ??????? ???
???? ????? ??? ????????????????? ??????????? ?????????? ?????? ???????? ????? ???????










???????? ???????? ???? ???? ??? ???????????? ???????? ??? ????????????????? ?????? f∗ ???




















??? ??? ?????? ??????????????????? ????? ??? ?????? ????? ??? ????????? ???????? ?????
?????????? ??? ??? ???????????? ????? ????????? ??? ??????????? ?????????????? ???? ???
???????????????????? ? ???? ?? ??
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??? ???????? ??? ??????????? ??? ??? ??? ???????????????????????????? ???
??????? ??????? ???? ????????????? ?????????????????? ??? ?????????????? ???????? ???
??? ???????? ????????? ??????????? ?????? ??????? ???? ??????????????????????????
??? ??? ??? ???????? ??? ??? ??????? ????????????? ?????? ????????? ????? ???? ??? ???
?????? ???? ?????????? ???????? ?????????????? ??? ??????????? ???? ??? ??????????????
??????????? ???? ???? ???????? ??? ??????????????? ???? ????? ??????? ??? ??????
?? ?? ????????? ????? ??????? ??? ????? ???????? ??? ??? ?????????? ????????????????
?????? β̂??? ??? ???? ???????????? ????????????? ??? ??????? ???????? ??? ??????????
?????? ???? ??????????????????????????????????????????? ??????? ????? ?????? ?????
??? ??? ??????? ????? ?? ??? ??? ?????????? ????? ?? ????????? ???? ??? ????????
?????????????? ???? ??? ????????? ??? ?????????? ????????? ??????? ??? ??? ????????
????? ????????? ??? ???? ??????????????????? fyi|Xi ?? ??? ??????? ??? ??????????????





???? ??? ??? ?????????? ?????? ??? ??? ????????????? ????????? ??? ?? ??? ??? ???
????? ??? ????????? ?????????????? ??? ??????????? ???????????
??? ??? ?? ?????? ?????? ???????????? ??????? ??????? ??? ???????? ??? ???? ???? ?????
???????? ?? ??? ???????????????? ??? ????? ????????? ????????????? ??? ?????????????
????????????? ???????? ??? ????????? ??? ?????????????? ???? ??? ????????????? ?????
????????? ??? ????? ????????? ????????????? ????? ???????????? ???????? ?? ?? ??? ??????
???? ?????????????? ?????????????? ??? ??? ??? ???????????????????? ??? ??? ????????
??? ????????????????? ????? ???????? ??? ??????? ??????????? ??? ????????? ??????
???????? ?????????????? ??? ??? ??????????????????????????? ????? ??????? ??? ???????
????? ?? ?????? ?????????
??? ?????? ???? ?????? ???? ??? ??? ??? ???????? ??? ????????????????? ????? ????????
?????????????? ???????? ????? ???? ?????????????? ??? ????????????????????? ??? ????
?????????? ?????? ??? ????????????? ??? ??? ????????????? ??? ?? ???? ??????????? ??????
??? ?? ??????? ? ??????????? ????? ???? ??? ??? ?????????????? ??? ???????? ??? ?????????
??????? ??? ??? ????????? ??? ????????????????????? ??? ????????????? ??????????? ??
????? ????? ??? ??????? ??? ???????????????? ?????? ?????? ?????
?? ???? ????? ?????????????? ?????? ???? ??? ??????? ??? ????????? ?????????????? ??? ??????????? ?????????
???? ?????∑Ti yit ???? ????????? ????????? ??? αi ???? ???? ????? ??????? ??? ??? ?????? ??? ????????????????????? ??? ??? ????????? ????????? ?????????? ?? ??????? ???? ?????????????? ???? ??? ??????? ????????? yi
???????? ?????
?? ?? ??? ??????????? ???? ?? ?? ?? ?????????????? ????? ??? ?????????? ??????????? ?? ?? ??? ??????? ??????
??????? ?????????? ??? ??????????? ??? ?????? ??? ??????? ???? ????????? ???????? ??????????????
????????? ????? ???? ??????? ?? ???? ???? ?? ??????????????????????? ??????????????? ??? ?????? ???? ???
??????? ???? ??? ??????????? ??? ?????????? ???? ??? ????????????????????? ? ????? ???? ??? ?????????
?????? ? ???????????? ????? ?????? ?? ?? ??????? ??? ??????? ????? ?? ?????
?? ???????????????????? ? ???? ??
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?????? ?????? ?? ??????????? ??????? ??? ??? ??? ???????????????????? ???????? ???????
???? ??? ??? ???????????????????? ???? ???????? ?????? ??? ???????? ??? ??? ?????????
?????????????? ??? ???? ??? ??????????? ?????????????? ???????????? ???? ????? ????
??????????? ??? ??? ???????????????????? ??????? ??????? ?????????????? ????????? ????
???? ???? ??? ??????? ??? ????????? ??????????? ???? ??? ?????????????? ???????? ????? ??
?????? ???? ???? ??? ???? ??? ??? ??? ????????????????????????? ????????????? ?????
?????????? ?????????
??????????????????????? ?????????
??? ??? ?????????? ???????????? ?? ??? ????????????? ??? ???????????????????? ?????
??? ???????? ??????????? ???? ???? ??? ???????????? ????????? ???? ??? ????????????
j ?????? ????? ?????????????? ?? ?? ??? ???? ???????????? j ??? Xj = X ? ????????? ????
??? ??? ?????????????????????? βj ??????????? ???? ????? ???? ??? ???????????? ????
??? ????????? ??????? ??? ????????????? ???? ???? ??????????? B ??? ?????????????????
???????? ??????? ??? ??? βB = 0 ??????? ????? ?? ?????? ????????? ?????? ???????? ???
?????????? ?????? ??????????????????? ??????????? ?????? ????? ??????? ??? ??????? ?????
?? ???????? ??????? ??? ???????????????????????????????? ???? ????????????? ?????? ???
??? ????????????? ??? ???? ??? ??????????????????? ?????????? ??? ??????? ???????????
??????? ?????? ???? ??? ???????????? ????????? ??? ??? ???????????????????? ?????
???? ??? ?????????????? ????????? ??????? ?? ??? ???????? ??????? ?? ??????? ???? ???
????????? t ??? ??? ?????????????? ????????????
??? ????????????? ??? ???????????????????????????????? ?????? ??? ??????? ??????
???? ??? ??????? ???????? y∗j ? ??? ??? ??? ??????????????????? ??? ??????? ? ??? ???
??? ??????????????????? ??? ??????? ? ?????????? ??????????? ???????
y∗j = αj +Xβ
′
j + ǫj ?
???? ???? ??? ???????????? ????????? ???? ??? ???????????? ?????? ???????? ??? ???
?????????????????????? ?????? ???? ?????????????? ?????? ??????????? ?????? ?????
??? ????????????????????????? ????????? ??????????? ???????????? ?????? ?????????? ???
???? ??? ????????????????????? ??? ???? ??? ???????????? ?????? ?????????? ????? ??????
????? ??? ????????????????????????? ????????? ?????????????
??????????????????????? ????????? ?????? ???? ????? ????????????? ?? ?????
????????? ??? ??????????????????? ??????????? ??????? ??? ???????? ????????????
?? ???? ?????? ???? ???? ?????? ?? ????????? ?????? ?????? ?? ????????? ????? ?????? ?? ?????? ??? ??????????
?????? ?? ????????? ????? ??? ???????? ?????? ????? ??? ??? ???? ????????????? ??????????????????????
?????????????? ????????????? ????? ???? ??? ????? ??? ????? ?????? ??? ????????? ??? ?????? ???????
???? ????? ??????????? ??? ??????????? ????????? ????? ??? ??? ?????? ?????? ?? ?????????
?? ????? ??? ?????? ??? ??????????????????????? ????????? ??? ??? ??????? ??? ??????? ?????? ????? ???
???? ??? ??????? ???????????????? ??????????? ? ???? ??? ????? ????? ????????? ??? ?????? ??????
???????????? ??????????????? ???? ????????? ????????? ????? ?????? ????? ?????????? ????? ???? ????????
???????????? ????????? ?????? ?????? ??????????????????????? ????????? ???? ??? ????? ????? ?????? ????
??? ???????????????????? ??????????? ???????? ??? ??????? ?????? ????????? ???? ????????????????????? ????
?????? ????? ?????? ????? ?????????? ?????? ?????????? ????????? ?????????? ??? ?????? ????? ????
??????????????????????????? ?????? ??? ????? ????? ???????????
???????????????????? ? ???? ?? ??
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???? ????? ??????????????????????? ????????? ??? S ??? ??????????????????????? ?????????
??? C ?????????? ???? ???? ??? ??? ??????? ???????? ??? ??? ???????????? j?
y∗j = αj + Sβ
′
j + Cjγ
′ + ǫj ?
??? ????????????? ??? ?????????????????????? ??? ??? ???????????????????????? ?????????
?????? ??? ??? ?????????????? ??????????? βB ??? ??? ????????????????? ???? ???????
?????? ???? ??? ??? ????????????? ??? ?????????????????????? ??? ??? ?????????????????
???????? ????????? ??? ?????????? ??? ????????????????? CB = 0 ??????? ??????? ???
??? ????????????????? Xβ′ ??? ??? ????????????????????????? ?????? ???? ???? ??????
?????????
??(y = j) = ???(αj + S(βj − βB)




k �=B ???(αk + S(βk − βB)′ + (Cj − CB)γ′)
??? j �= B?
??(y = B) = 1
1 +
∑
k �=B ???(αk + S(βk − βB)′ + (Cj − CB)γ′)
?
???????? ???? βB = 0 ??? CB = 0 ??????? ??????? ??????????? ???? ?? ?????? ????????
??? ????????????????? ?? αj + Sβ′j + Cjγ′? ??? ??? ???????????????????????? ?????????
??? ?? ????????? ???? ??? ??? ????? ??? ?????????? ?????? ????????? ??? ??? ????????
?????????????????? ????????
?? ??? ????????? ???? ??? ??????? ???? ??? ??????????????????????? ????????? ????????
???? ???????? ?????? ??? ???????????? ????????????? ??????????? ???????? ??? ??? ???
????????????????????? ????????? ?????????? ?????? ??? ????????????? ?????????????? ???
????????? ???????? ??? ????? ?????? ??????????????? ????????? ??????? ?????? ??? ????
??? ?????????????? ?????????????
??? ??? ??????????? ?????????? ?? ?? ??? ????????? ????????? ?? ????? ??????????????
????? ????? ?? ??? ????? ???? ?????????????? ??? ???????????? ?????????????? ???? ???
????????????? ???????????? ???? ????? ??? ???????????? ?? ??? ?? ????????? ???? ???? ???
???????????????? ??? ???????????? ?????????????? ??? ??? ????????????? ?????????????
????????????? ????? ?????????????? ??? ??????????? ????? ?? ??? ????? ?? ??? ????????? ??
??? ??? ???????????? ??? ?????????? ????????? ??????????
?? ???? ????????????? ???????????? ??? ??????????????????????? ????????? ?????????
??????? ??? ???? ???? ??? ???????????? ????? ?????????????? ?????? ???? ??? ????? ?? ?????
??????? ????????????? ???? ??? ?? ??????? ??? ???????????? ?????????? ??? ??????? ???? ????
????? ??? ???????????? ????? ???????????????????? ??? ???????????????????? ??????????
???? ????? ????? ????????????? ??? ???? ????????? ???????????????????? ???? ??????????
??? ????????????? ??? ??? ??????????? ?? ?????????????? ??? ?? ??????? ??? ???????????? ???
?? ??? ?????? S ??? C ?????? ??? ???????? ??? ????? ??? ????? ???????
?? ??? ?????? ??? ????????????????????????? ?????????? ????? ???? ??? ???? ?????????????????????????? ??? ???
???????? ???????????? ????? ?????????? ????????????? ??? ??? ?????????????? ???? ??? ??? ???? ????????????
???????? ????? ??? ??? ???????? ???????????? ???? ?????? ???????? ??? ?????? ??? ???????????????????
??? ???????????? ?? ?? ???? ??? ????????????????????? ??? ???????????????????????? ????????? ????? ????
?????? ????? ?????? ???? ???
?? ?? ????? ????? ??? ??? ?????? ???????? ???? ?????????????? ??? ??????????????????? ??? ?????????? ??
?????? ?? ???????
?? ???????????????????? ? ???? ??
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???? ????? ??? ??????????? ???? ???????? ??????????? ??? ???? ????????? ?????????????
????????








? ? ? ?
? ? ? ??
? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ??
? ? ? ?
? ? ? ?
? ? ? ?
??? ?????? ?????? ?? ???????? ??????????? ?????? ???? ??? ??? ?????? ?????? ?????
????????? ?????????? ??????????? ?? ?? ??? ???? ??? ??????? ????????????????????????
????????? ??? ????? ????????????? ???????????????????? ????????? ??? ????????? ???
??????? ???????????????????????? ????????? ??? ????? ?????????????????????????????????
??? ??? ????????? ??? ????????? ??? ???????????????????????? ????????? C ?? ????? ????
?????????? ???????????? ????? ??? ??? ????? ???????? ???????? ????? ???????????? j �= B
??? ??? ????????????????? B ???? ???????? Cj−CB ???? ??? ??? ????????? ?????? ??? ???
??????????? ?????????????????????? γ ??????????? ??????? ?????????????? ???????????
γ1 = γ2 = · · · = γJ ?
γB = 0?
??????? ?????? ??? ??? ??? ????? ??? ???????????????????????? ????????? ??? ??? ??? ???
???????????? ?? ????????????????????????? ????? ????? ?????? ????? ???????????????????
???????? ???? ?? ??? ????????? ??? ??? ????????????????????????? ?????????????? ???????
??(y = j) = ???(αj + (C1 − CB)γ
′ + (C2 − CB)γ




k �=B ???(αk +
∑J
l=1 (Cl − CB)γ
′)
?
???????????????????? ? ???? ?? ??
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????? ????? ??????????????????? ???? ??? ??? ???????????????????????? ????????? C ???
J−1 ???????????????????????? ????????? C1−CB ? ?? CJ −CB ????????? ?? ??????? ??? ???
???????????? ??? ???? ??? ??????????????????? ??? ???????????????????????? ????????? ???
??? ??????????? ??? ??????? ??? ?? ??? ??????????? ?? ??????????? ?????????????? ?????
??? ??????????? 1 ??? ????????????????? ??????? ????






C2 − C1 C3 − C1
1 2 10− 5 = 5 7− 5 = 2
2 1 3− 4 = −1 10− 4 = 6
3 2 5− 1 = 4 7− 1 = 6
????????? ?????? ???? ???? ??????????????????????? ????????? ?? ??????????????????? ????
??? ????? ??????? ??? ??????????????????????????????????? ???????? ????? ??????????
???? ?????? ??? ??????????????????????????? ??? ??? ??? ?? ??? ????????? ?????? ?????
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?????? ??? ??????????? ??????????? ??? ??????????????? ?????????????????? ??????????
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????????? ??????????? ?????????? ??? ?????? ?????? ????????? ??? ??????????????? ???
????????????? ???????????? ??? ??? ????? ?????????????? ??????????? ????????? ?????
?? ??????? ???? ??? ???????? ???? ??? ????????? ?????????????? ??? ??????????????
? ???????? ?? ???? ????????? ? ???????????? ?? ?????? ??????? ???? ??? ??????????????
??? ???????? ??? ??? ??????????? ??? ??? ???? ???????????? ??? ??? ?? ????? ???????????
????????? ??????????? ??? ?????? ??????? ??? ??????????????? ???? ??? ??????????????
?? ????? ??????????? ????????? ??? ????????? ?????????????????????? ?????????
??? ?????????? ??????????? ??? ??????????????????
?? ??? ???????????????????? ?? ??????????? ?? ??? ???? ???? ??????????????? ????? ???
????? ?????????? ????? ?????? ???? ??? ?????? ?? ????????? ?? ???????? ???????? ?????
?????????? ?????????? ?????????? ???? ???? ??? ???????? ???? ??? ???????????????
????????????? ????????? ????? ??? ?????????? ????????? ???????? ????? ??????? ??? ????
???? ????? ?? ???????? ?????? ????????? ??? ??? ???? ??? ?????????? ????? ?? ?????????
??? ????????? ????????? ??? ?????????? ??? ??? ???????????????????????? ????? ????
?? ???????? ????????????? ??????????? ????? ??? ??? ??? ????????? ??? ????????????????
????????? ????? ?????? ????????????? ???? ??? ?????? ??? ???? ??? ??? ????????????
???? ??? ?????????????? ??? ?????? ???????? ?? ????????? ??? ???? ????????????? ???
??? ????????????? ???? ???? ????? ???? ???????? ?????????? ??? ??????? ??????? ??????
???? ?? ????????? ??? ???????????? ??? ?????? ????????? ??? ?????????????????? ?????
????????? ?????? ????? ??? ???? ??? ?????????????? ?????? ?????? ???? ??? ????
??????? ??? ??????? ????????? ??? ?????????????????? ???? ????? ????????? ???? ???? ??
??????????? ?????????? ??? ??? ??? ??? ??? ?????????????? ???????? ??? ??????? ?????
?? ????? ??? ?? ?????? ?????? ???????????? ?????????????? ??? ???????????????? ?? ?????
??????? ????????????? ???? ????????? ??? ????? ???? ????????? ?????????? ?? ?????????
???????????????????? ? ???? ?? ??
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????? ??????? ?????? ??? ???????? ???? ??? ??? ??????????? ???????????? ??????????
????? ???? ?? ???????? ???? ??? ?????? ????????? ????????????? ?????????? ???????
????????? ??? ??? ???????????? ??? ?????????? ?????????????????????? ??? ?????????
????? ??? ??????? ????? ????????? ????? ?? ??? ?????????? ??? ????????? ??? ????????
???? ??? ????????? ????????? ?????? ??? ????????????????? ?????????? ??? ???? ????
????????????? ???? ???? ???????? x? f(x) = x/ ???(x)? ??? ????? ??? ???????? ??? ????
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????????? ???? ????????????????
??? ???????????????? ??? ??? ??????? ?? ??? ?????? x = 1? ?? ?? ??? ??????????????????
f ′(x) = (1 − x)/ ???(x) ??? ?? ?????? ?????? ???? ??????????? ????? ?????????? ???? ???
????? ???????? ?????????? ?? ??????????? ????? ?????????? ???????? ??????? ?? ??????
????????? ???????? ??? ????? ?????????? ?????? ???????????? ???? ??????????? ????? ??????????
??????? ?? ?? ???? ?? ???? ????? ??????? ???????? ????????
??? ????????? ???????????? ???????? ??????????????? ??? ????? ???? ????????? ??????
?????? x0 ? ?? ??????? ???????? ??? ????? ?????? x0 = 0? ??? ???????? ??? ??? ????????
?? ??? ?????????????????? f ′(x) ?? ??? ?????? β0?









?? ???????????????????? ? ???? ??
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??? ?????????? ?????? ???????? T (x0) ?????? ??? ?????? ??? ??? ???????? ??????? x1? ??
??????? ???????? ??? x1 = 1/2? ?? ??????? ??????? ?????? ??? ??? ???????? T (x1) ?? ???
?????????????????? f ′(x) ?? ??? ?????? x1?
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????????? ???? ???????????????? ??? ????????
????????? ??? ??? ????? ?????????? ????????????????? r ??? ????????? xr+1 ??????????????
?????????




??? ????????? ????? ???? ??????? ??? ????? ???????? ???? ???? ???????? ??? ???? ????????
???? ??????? ????????? ???????????????? ??? ??? ??? ??? ??????????????? ???????????????
???? ?(β) = ?(?? ℓi(β)) ????????? ??? ?????????? ???? ?? ?? ?(β) ??? ??? ????????? ??? ???
???????????????????? ? ???? ?? ??
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??? ??????? ???? ??? ?????? ??? ?????????????????????? β ???????? ?????? ????? ??
??????? ??? ??? ???????? ?(β) ????? ?? ?? ?? ??????? ???? ???? ??????????? ???? ?????


































?? ?(β) ???????????? ???? ??? ??? ?????????? ??? ??????? ??? ??? ???? ??????????? ???? ????? ???
??? ??????????????????? ????? ??? ??? ???? ????? ??????????? β0? ?? ?? ??? ???????????
β0 = (β110, . . . , βB−1,M 0, βB+1,10, . . . , βJM 0) = (0, . . . , 0)?
??? ????? ????????????????? r ??? ??? ????????? βr+1 ??????? ??????
βr+1 = βr − ?(βr)−1?(βr)′?
?? ?????? ???????? ??? ?(βr) ??? ?????? ???? ??? ??????? ??????????? ??? ???????????
???????? ???? ??? ??????????????????????? ?? ??



















































































































??? ???????????? ??????????? ?? ??????????? ???? ??????? ????? ??? ??????????? ???????
???????? ???? ??? ??????????? ??????????? ???? ?? ??? ?????????? ??????? ????? ???? ???
??????????? ???????? ?????? ??????? ???? ???????????? ???? ???? ??? ???????????? ????
???? ????????????? ???? ??? ???????? ???? ?????? ?????? ???? ??? ??? ??? ???????????
???????? ??? ???????????? ?????????? ???? ???????? ?????? ?? ???? ????? ??????? ????
?? ???????????????????? ? ???? ??
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????? ?????? ??????? ????? ???? ?? ?? ??? ??? ?? ?????? ?????? ???????????? ???????? ??????
??? ???????????? ????? ????? ??? ??????? ??????? ??? ?????????????????? ??????????
???? ????????? ?????????? ??? ??? ????????? ??? ???????????? ???? ??? ??????????? ???
?????????????? ???? ?????? ????????? ???? ?????? ???????? ???????????????
??? ?????? ???????????? ????? ??? ??? ??????????????? ???? ??? ????? ??? ??????
??????? ????????? ??? ?????????????????? ? ??? ?? ????????? ??? ??? ???? ? ??? ?????
??? ?????? ????????? ??? ?????????????????? ???? ??? ?????? ??? ????????????????????
??? ????????? ???? ??? ??????????? ????? ??? ?????????? ??????????? ????????? ??????????
?????? ??? ???? ????????? ???????? ?????? ????? ????? ??? ???????? ????? ?? ???? ?????
????? ???? ??? ?? ???? ???? ??????? ????????????? ?????????? ?????? ??? ?????? ???????
????? ??? ???????????? ????????? ??????????
??? ???? ???????????? ????????? ??? ??? ???????? ????????????????? ?? ????? ???? ???
???? ???????? ???????????????????????? ???? ?????????? ??? ??????? ?????? ??????????
??????? ?? ??? ??????????? ??????????? ???? ????????? ???????????????? ???? ??? ?????
????????????????? ??? ??????????? ???? ?????????? ?????????? ??? ?????? ?????? ?????????
??? ????????? ?????? ???????? ?? ??????????? ????? ?????? ?????????????? ???? ???
????????? ???? ??? ????????????? ??????? ?????????? ???? ??? ????? ????????????????? ???
?????????? ??? ???????? ?(βr)−1?(βr)′ ?????? ????????? ????? ??? ??? ???????????
???????????????????????????? βr ???????????? ????????????? ?? ???????? ??? ????????
????????????? ??????? ??? ???? ??? ????????????? ?????????? ????? ???? ??????????? ????
???? ???? ??? ????? ??? ?????? ????????? ??? ??? ?? ?????????? ?????? βr+1 ??? ???????
???? ??? ????? ???? ???? ???????????????????? ??????? ???? ?? ??????????? ??????????
???????? ?? ??? ????????? ?????????? ??? ?????????????????? ??? ??? ????????? ????????
???????? ????????????? ????????? ????????? ?????? ??????? ??? ??? ???????????? ??????
???? ?? ????? ????? ?? ??? ????????? ?????????? ??????? ????? ??? ??? ???????? ??????
????????? ???????? ???? ???? ??? ??? ??? ????????? ????????????? ?????????????? ?? ???
???? ?????????? ?????????????????? ???? ???? ???????????? ???????????? ???? ?? ??? ????
???? ???????? ??????????
???????????? ???????? ??? ????????????? ??? ?????????????? ??????? ??????????????????
?? ?????? ?????? ??? ?????? ???????????? ???? ??? ?? ????? ???????????????? ???????? ???
??? ???????????? ????? ??? ?????????????????? ??? ????? ????? ??? ?????? ????????? ??
??? ???? ????????? ??? ??? ??? ?? ??? ?????? ???????????? ???????? ?????? ??? ?????
??? ?????????????? ?????????????????? ?(β) ??? ??? ?????????????? ??? ???????????????
??????????????????? ?? ℓi(β) ??? ??? ??????????????????? i ???? ??? ??????? ?????????
?? ????????? ?? ??? ?(β) = ?(?? ℓi(β)) = 1/N∑Ni=1 ?? ℓi(β)? ???????????? ????? ????
??? ?????????????? ????? ??? ????????? ??? ??? ????? ????????? ?(β) = ?(?i(β)) =
1/N
∑N
i=1 ?(?i(β)) ??? ??? ?????? ????????? ?(β) = ?(?i(β)) = 1/N
∑N
i=1 ?(?i(β))?
??? ???????? ?? ????? ???????? ??????? ??? ??? ?????????????? ??????????????????
??? ??? ????? ??? ??????????????? ???????????????????? ??? ???? ??????????? ???? ???
??????????? ?˜(β) = ∑Ni=1 ?? ℓi(β)? ???????????? ?????? ???? ??? ??? ??????????? ???
?????????????? ????????? ???? ??? ?????? 1/N ????????? ??? ??????????? ?????? ????
??????? ???? ?????? ????????? ??? ??? ???????????? ??????? ?????????????????? ??????
???????????????????? ? ???? ?? ??
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?????????? ????? ??? ?????????????? ??????? ?????????????????? ??????? ????? ?????
?????? ????? ?? ????????
??? ??? ??? ????????? ????????? ???? ??????? ????????? ????? ?????? ??? ????????
???????????????? ??? ??? ??????????? ??????????????? ??? ??????????????? ??? ?????????
??????? ???????????????????? ??? ??? ??????????? ?????????????? ??????? ????????????
?????? ???? ??? ?????? 1/N ?????????? ??? ??? ????????? ??? ????????????????????
??? ??? ??? ??????????? ?????? ??????????? ?? ??? ?????? ????????? ??? β ?????????? ????
??? ??????? ??????????? ??????? ?????? ???? ????????????? ???????????????? ???????????
????? ????????? ?????? ??????? ??? ????????? ??????? ??? ??? ????????2 ??? ????????
?????? ??? ??? ???????????? ???? ????? ??? ?????? ??????????? ???????? ????? ??????????
????? ?? ???????
??? ????????? ??? ???????????????? ?? ?????
?? ?????? ????????? ???? ??????????? ??????? ??? ??? ??????????????? ?? ????? ???????
????????? ????? ??? ???????????? ??? ?? ????? ???????????????? ??????? ?????? ?????
?? ??? ??????? ????????? ?? ??????? ??? ????????? ?? ????????
?????? ???? ?????? ??? ???????????? ?????????????????? ?????????????? ???? ??? ???????
?????? ??????? ??? ?? ??? ?????????? ?? ????????? ??? ??????? ??????????? ?????? ????? ???
??????????????? ???? ????? ?? ??? ????????? ?????????? ?????? ????????? ??? ?????????
??? ??????????? ? ?????? ??????? ? ????? ?????????????????????????? ?? ???? ??? ??????
??? ????? ???????????????????????????? ????????? ?????? ????? ??????? ???? ???? ???
?????? ??? ???????????? ??? ??? ?????? ??? ?????????????? ????? ????????????? ???????
??? ?? ???????? ???????????? ?????????????? ?????????? ????? ???????????? ??? ???????
???? ????????? ?????????? ?????? ?? ??? ???????? ????????????????? ??????
????? ?????????? ???????? ??? ????????????? ?? ?????
??? ??? ???????????????????????????? ???? ?? ????? ??? ??? ???????????????????? ?? ??
??? ????????? ??????????????? ??? ????????????? ?? ??????????????? ??? ??? ??????
??? ????????? ??????????????????? ???? ????? ??? ??????????????? ??????????? ???
?????????? ???? ??? ??? ????? ??? ?????? ??? ??? ???????????? ???????? ???????
??? ??? ????? ????? ???? ????????????? ?????????????? ????????? ???? ??? ?????????? ???
?????????????? ?? ?????????? ??? ??????????? ??? ???????????????????? ?????????
??? ??? ??? ??? ???????????? ??????????? ??????????? ????? ??? ??? ???????? ???
??????? ??????????? ????? ???? ??? ????????? ???????? ?????? ???????? ????????????
?????? ???? ????????????? ?? ??? ???? ??? ??? ???????????? ??????????? ???
????? ??? ???????? ??? ???? ??????? ??? ?? ????????? ??? ??????????? ??????????? ????
???? ??? ??? ???????????? ???????? ?? ???? ??????????? ??? ???????????????????
???????? ??? ????? ??? ????????? ??? ??? ???????????? ????????? ??? ??? ???????????
???????? ??? ??? ??????????????????? ?? ????????? ????????
? ??? ??????? ???? ???????????????????? ??????? ?????? ???? ??? ??? ???? ?????????? ??? ??? ????????? ????????
??????? ??? ??? ???????????? ????????? ????????? ???? ?????????????????????? ???? ??? ???? ??????????
?????????? ???? ??? ????????? ???????? ??? ??? ???????????? ????????? ????????? ???? ??? ????????????
????????? ??? ???????? ?????????
?? ???????????????????? ? ???? ??
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y?X ?????




????????? ???? ???????????? ??????????? ??? ???????????? ?? ?????
??? ?? ???????? ??? ??? ??? ????????? ??? ???????????????? ???? ?????????? ????? ????
???? ??? ????????????????? ??????????? ????????? ???? ??? ?????? ??? ???? ?????????? ????
????? ?????????? ????????? yd ????????? ?????? ???? ??? ??? ??? ???????????? ???????
?? ??? ?????? ??? ???????????? ????????? X ????? ????? ??? ????? ?? ??? ?????????
????? ???? ???? ???? ??? ????? ??? ?????????????????? ????????? ???? ?????? ??? ???
?????????????????? ???????? ????????? ????????????????? ????????? ?? ?? ?? ???? ???
??????? ??? ????? ??????????? ?? ???? ??? ??? ????? ?????????????????????? ??? ??????
?? ?????????? ????????? ?? ?????
??? ?????? ???? ??? ????????? ??? ??? ????????? ?????????????????????????? ???? ???
????? ????????? ????????????????? βr ??? ??????????? ??????????????? ??????????????
??? ??? ?????????? ??? ?????? ??? ??????? ??????????? ??? ?????? ?????????????????
???????? ???? ??? ?????? ????? ?? ???? ??????????? ??????? ????? ??? ????? ??????
???????????? r ??? ????????????????? βr ?? ??? ?????????? ?????? ???? ?(βr)? ?(βr) ???
?(βr) ??????? ?????? ???? ??? ????????????????? ??? ???????? ?????????????????? βr+1
?????????? ???? ??? ???????? ??? ?????????????????? ????? ???? ????????? ????????
?????? ???? ??? ????????? ??? ???????????? ??? ??? ?????? ????????????????? β̂?? ???? ???
???????? ???????????
??? ??? ?????????????? ??? ???????????????? ????????? ??? ??? ????? ???????????
??? ???????????????? ?? ?? ??? ????? ?????? ?? ??????????? ?????????? ??? ??? ????
?????? ??? ?????? ???? ?????????????? ??? ?? ???????? ????????? ??????? ????????? ?????
????? ??? ??????????????? ????????? ??? ?????????????? ??? ?????? ??????????????
??????? ????????? ??????? ?????? ??? ????? ??? ?????????? ??? ??????????? ?????
?? ??? ???????? ???? ??? ?????????????????? ??? ????? ??????????? ??? ??????? ?????
????????????????? ????????? ?????? ????????? ???????? ?????? ??? ????? ??? ?????????
??? ?????????? ?? ???? ?? ????????? ?? ????? ????????? ??? ????? ??? ??????????????????
?????? ????????? ???????? ???? ???? ????????? ??? ???? ? ???????????? ???? ?????????
????????? ? ?? ??? ????? ?? ????? ????????? ???????????
???????????????????? ? ???? ?? ??
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????? ?????????????? ??? ????????????
??? ???? ?????????? ?????? ???????? ??? ??? ??? ????????? ????????? ??? ?????? ??????
???????????? ???????? ?????? ????? ??? ??? ?????????????????? ????????? ????????
???? ??? ???? ??? ??????????? ??? ?????????? ??????????? ????????? ??? ?? ??????? ????
?????? ???? ?????? ??? ????????????????? ??? ???? ??? ?????????????????????? ??? ???
??????????? ?????????????? ????????? ??? ???? ??? ?????????????? ?????????????????? ???
??? ???????? ??????????????????? ?? ℓi(β)? ????????? ????????? ??? ??? ????? ?????????
??? ??????????????? ?????????????????? ??? ??? ???????? ??????????????????? ?i(β) ???
??? ?????? ????????? ??? ??????????????? ?????????????????? ??? ??? ??????? ??????????
?(β) = ?(?i(β))? ??? ?????????????????? ??? ????? ????? ????????? ??? ??? ??????????
?(β) ??? ?(β) ?????? ????? ??? ???????? ???? ??? ????????????????????? ??? ?????
??????????? ??????????
??? ????? ??? ?????????????????? ??? ??? ??????????????????? i ?? ????????? ????? ??




???(∑Tit=1∑Jj=1,j �=B δdit,jXitβ′j) ?
???? ??? ??? ???????? ?????????????? ?????? ????


















??? ????? ????????? ??? ??????????????? ??????????????????? ?? ℓi(β) ??? ??? ????????
???????????? i ???? ??? ?????? ??? ?????????????????????? ????? ??? ???? ??? ??????
???????? ??????????? ??? ???????????? ??? ??? ??????????????????? i ??? ??????? ????
?????































? ??? ????? ?? ??? ??? ?????????????????? ??? ??? ??????????? ?? ????? ????????? ??????? ????? ??? ??????
??? ??? ????????? ????????????? ??? ?????????? ?? ????? ????? ?? ??? ????? ????????? ??? ???? ????????
???? ????? ??????? ??? ??????? ????????? ???? ??? ?????????????????? ??? ??? ?????????????????????
??? ????? ??? ????????????? ???????? ???? ???????? ??????? ??? ???????????? ????????????? ???? ????????
???????????????? ??? ????????? ??????????? ??? ???????????????????????? ???????????????
?? ???????????????????? ? ???? ??
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???(∑Tit=1∑Jj=1,j �=B δdit,jXitβ′j) ?
?? ??? ???????? ??? ??????? ????????? ??? ??????????????? ?????????????????? ??? ???
??????? ?????????? ?(?i(β)) ?? ??????????? ????? ??? ???????????? ???? ??? ????? ???????
???? ?? ????????? ??? ??????????? ???? ??? ?????? ????????? ??? ??????????????? ???????



















??? ?????? ??????? ?????? ???? ??????? ???? ??? ?????????????? ??? ??? ??????????????
??????? ?????????? ????? ?? ?? ??? ??????????? ?????????? ?????? ???????
??? ???????? ?????? ?????? ???? ???? ????? ??? ????????????? ?? ????? ????? ??? ??? ???
???????????? ??? ?????????? ????????? ??? ??????????????? ?????????????????? ?? ℓi(β)
???? ??? ?????????????????????? βmj ??? ???? ??? ?????????????????????? βlk? ???
????? ??????? ?????? ???? ?????? ???? ?????? ???? ???? ?????????????? ????? ???????????












































































???????????????????? ? ???? ?? ??
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?? ??? ?? ????????? ???? ????? ? ??? ???? ??????? ????????? ????? ? ??? ?????????? ???????





??? ???? ???????? ?????????????? ?????? ??? ????????? ????????? ??? ?????????????
??? ?????????????????? ??? ??? ?????? ?????? ??????????? ??? ???????? ????????? ????
?????????? ????????? ??? ??????? ??????? ??????? ?? ????? ?????? ????????????? ??? ??????
??? ??????????????????? ??????????? ??? ?????????????? ??? ???????? ?? ??? ?????????
?????????? ??? ????????? ????????? ???????????? ??? ???????????????
??? ??????????? ??????????? ??? ??????????? ?????????? ?????? ???? ???????? ??????
????? ????????? ??? ??? ???????? ????? ????????? ??? ???? ?????????? ????????? ?? ???
??? ??? ???? ??????????????????? i ??? ?????????? ??? ???? ??????????? di ??? ??? ????
?? ??? ????????????? ∆i? ??? ??? ??? ??????? ?? ????????? ????? ???????? ?????? ??? ??
????? ???? ??????? ????? ??? ?? ??? ?????? ??? ????? ??????????? ??? ???? ?????????
?????????????????????? βmj ? ?? ?? ??? ????????? ?????
























?????? ????????? ??? ????? ???????????? ?????? ??????????? ????????? ??? ??????? ????
?????? ?????????? ?? ?? ?? ? ??? ?? ? ??? ? ???? ????? ??? ???? ???????????????????
i ??????? ??????? ? ??? ? ???? ??? ???? ??????????????????? i ???????? ???? ???? ???
???????????????????? βmj ? ??????????? ??? ? ???? ?????? ???? ???? ????????????? ???
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? =

?1111 . . . ?1,1,B−1,M ?1,1,B+1,1 . . . ?11JM
??? ? ? ? ??? ??? ???
?B−1,M,1,1 . . . ?B−1,M,B−1,M ?B−1,M,B+1,1 . . . ?B−1,M,J,M
?B+1,1,1,1 . . . ?B+1,1,B−1,M ?B+1,1,B+1,1 . . . ?B+1,1,J,M
??? ??? ??? ? ? ? ???






??? ?????? ??????????? ?????? ???? ??? ?????????????? ?????????????????? ?? ℓi(β)? ???
?????????????? ?i(β) ??? ??? ???????????? ?(β) ?????????????? ??????????? ???????????
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−1.702 · 10−19 6.536 · 10−16
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????????????? ?????? ???? ???????? ?????????????????? ???? ??? ?????????????? ?????????
??????? α2? ?αJ ??? ??? ??????????????? ??? ???????????? ????????? x1? ?xT ?
α2 α3 α4 α5 x1 x2 x3 x4 x5
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????????? ???? ??? ????????????????? ?????????? ǫ ??? ??????????????? ???????? ??? ????
??????????????????? ???? ??? ???? ??????????? ??? ???? ?????????????? ??? ??? ????
???????????? ?? ??????????? ǫitj ???????? ??? ??????????? ?????? ??? ???????????????? ??
????????? ???? ??? ????????? ??? ?????????? ??????????????? ???? ??? ??? ??????????????
?(ǫitj) = γ ??? ??? ??????? ???(ǫitj) = π26 ???
????????? ?????? ??? ??? ??????????? ????????? ??? ?????????????????????? ? ??????
??????????? ??? ??? ???? ???????????? ??? ??? ????? ???????????? ???????? x ???????
???? ???? ?????????????????????? β1? β2? ?? β5? ??? ????? ????????????????????? ??? ???
????????????????? ??????? ???? ??? ??? ????????????? ???? ???????? β1 = 0? ??? ??????? ???
???????????????????? ?????? ??? ??? ????????? ????? ???????? β = (β1, β2, β3, β4, β5) =
(0, 1, 2, 3, 4)?
??? ??? ???????????????? ??? ???????????? ?????????? ??? ?????????? ??? ??? ???
???????????????????? ????? ???? ??? ??? ??????? ???????? y∗itj ??? ???? ???????? ???????????
??????? ??? ???? ??????????? j ?????
??? j = 1 : y∗it1 = ǫit1?
??? j = 1 : y∗itj = αij + βjxit + ǫitj ?
?? ??? ??????????? ???????? ??? ??????????????? ??? ??? ???????????? ????????? ???? ??? ?????? ?????????
????????? ???? ???????? ?? ??? ??????????? ????? ??? ??????? ????????????? ?????????? ???? ?? ??? ???????
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????? ??? ??? ??????? ??? ??????????????????? F−1ǫ (x) = − ??(− ??(x))?
?? ???????????????????? ? ???? ??
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???(β)????? ???(β)????? ???(β)????? ???(β)?????
??? ???? 0,051
∗∗∗ 0,003∗∗∗ 0,056∗∗∗ 0,005∗∗∗
(0,005) (0,000) (0,006) (0,000)
???? ?????? 0,037
∗∗∗ 0,001∗∗∗ 0,033∗∗∗ 0,001∗∗∗
(0,005) (0,000) (0,005) (0,000)
?? ?????? 0,030
∗∗∗ 0,001∗∗∗ 0,040∗∗∗ 0,001∗∗∗
(0,006) (0,000) (0,010) (0,000)
????? ??? ????????
?????? ?? ?????
1,418∗∗∗ 1,743∗∗∗ 1,176∗∗∗ 1,132∗∗∗
(0,045) (0,042) (0,035) (0,030)
?????2 ??? 0,983
∗∗∗ 0,977∗∗∗ 0,995∗ 1,004
(0,003) (0,002) (0,003) (0,002)
?????3 ??? 1,000
∗∗∗ 1,000∗∗∗ 1,000 1,000
(0,000) (0,000) (0,000) (0,000)
????? ??? ????????
?????? ?? ???????
1,353∗∗∗ 1,818∗∗∗ 1,130∗∗ 1,221∗∗∗
(0,040) (0,049) (0,042) (0,041)
???????????????????? ? ???? ?? ???
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??????? ???? ?????????????
???????????????? ????????????????????
??????? ??????????? ??????? ???????????
???(β)????? ???(β)????? ???(β)????? ???(β)?????
?????2 ??? 0,987
∗∗∗ 0,976∗∗∗ 1,001 1,008∗∗
(0,003) (0,002) (0,003) (0,003)
?????3 ??? 1,000
∗∗∗ 1,000∗∗∗ 1,000 1,000∗∗∗
(0,000) (0,000) (0,000) (0,000)
????? ??? ????????
?????? ??? ???????
1,354∗∗∗ 1,962∗∗∗ 1,137∗ 1,206∗∗∗
(0,070) (0,109) (0,074) (0,067)
?????2 ??? 0,985
∗∗ 0,965∗∗∗ 1,000 1,007
(0,005) (0,005) (0,006) (0,005)
?????3 ??? 1,000
∗ 1,001∗∗∗ 1,000 1,000
(0,000) (0,000) (0,000) (0,000)
?????????????????
??????
0,632∗∗∗ 0,524∗∗∗ 0,767∗∗ 0,536∗∗∗
(0,055) (0,067) (0,071) (0,079)
?????????????????
?????
0,556∗∗∗ 0,317∗∗∗ 0,694∗∗∗ 0,395∗∗∗
(0,041) (0,031) (0,055) (0,042)
?????????????????
????
0,189∗∗∗ 0,036∗∗∗ 0,243∗∗∗ 0,065∗∗∗
(0,020) (0,005) (0,029) (0,009)
?????? ?????
????????
1,121 1,056 0,998 1,224∗
(0,160) (0,095) (0,122) (0,114)
????????????? 0,913 0,753
∗∗ 0,838 0,863
(0,139) (0,079) (0,121) (0,090)
??????????? 0,568
∗∗∗ 0,278∗∗∗ 0,463∗∗∗ 0,298∗∗∗
(0,084) (0,025) (0,067) (0,029)
?????????? 1,271 0,740
∗ 1,573∗ 1,730∗∗∗
(0,264) (0,092) (0,314) (0,221)
????????? 0,921 0,715 0,469
∗ 0,265∗∗∗
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Alter des jüngsten Kindes (Jahre)
ein Kind zwei Kinder drei oder mehr Kinder
Anmerkung: Konfidenzintervalle berechnet in Anlehnung an Brambor et al. (2006).
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???? ?? ????????? ?? ??????????? ?? ??? ?????? ??? ??? 0, 004? ??????????? ???? ???
?????? ???? ?????? ??? ???? ??? ???? ???? ?????? ?? ???? ??? ??? ?????????? ????
???? ???????? ???? ??? ???? ??? ?????? ??? ????? ???? ???????? ??????? ??? ??? ?????
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???(β)????? ???(β)????? ???(β)????? ???(β)?????
??? ???? 0,005
∗∗∗ 0,013∗∗∗ 0,085∗∗∗ 0,005∗∗∗
(0,001) (0,003) (0,030) (0,002)
???? ?????? 0,002
∗∗∗ 0,003∗∗∗ 0,054∗∗∗ 0,001∗∗∗
(0,001) (0,001) (0,022) (0,000)
?? ?????? 0,002
∗∗∗ 0,008∗∗∗ 0,023∗∗∗ 0,002∗∗∗
(0,001) (0,004) (0,013) (0,001)
????? ??? ????????
?????? ?? ?????
1,687∗∗∗ 1,131 1,847∗∗∗ 1,392∗∗∗
(0,104) (0,074) (0,151) (0,107)
?????2 ??? 0,978
∗∗∗ 1,004 0,969∗∗∗ 0,995
(0,005) (0,005) (0,006) (0,006)
?????3 ??? 1,000
∗∗ 1,000 1,000∗∗ 1,000
(0,000) (0,000) (0,000) (0,000)
????? ??? ????????
?????? ?? ???????
1,753∗∗∗ 1,126 1,997∗∗∗ 1,473∗∗∗
(0,119) (0,096) (0,170) (0,147)
?????2 ??? 0,980
∗∗∗ 1,016∗ 0,963∗∗∗ 1,003
(0,006) (0,007) (0,007) (0,009)
?????3 ??? 1,000
∗ 1,000∗ 1,001∗∗∗ 1,000
(0,000) (0,000) (0,000) (0,000)
????? ??? ????????
?????? ??? ???????
1,775∗∗∗ 0,971 1,840∗∗∗ 1,293
(0,242) (0,139) (0,290) (0,229)
?????2 ??? 0,971
∗ 1,023 0,964∗ 1,002
(0,014) (0,013) (0,016) (0,018)
?????3 ??? 1,001 0,999 1,001 1,000(0,000) (0,000) (0,000) (0,000)
?????????????????
??????
0,443∗ 0,608 0,420 0,444
(0,172) (0,262) (0,269) (0,207)
?????????????????
?????
0,633 0,508∗ 1,302 0,612
(0,192) (0,165) (0,527) (0,221)
?????????????????
????
0,029∗∗∗ 0,103∗∗∗ 0,057∗∗∗ 0,064∗∗∗
(0,012) (0,047) (0,043) (0,031)
?????? ?????
????????
1,005 1,054 1,031 1,066
(0,290) (0,330) (0,526) (0,361)
????????????? 0,561 0,654 0,783 0,651(0,177) (0,201) (0,399) (0,229)
??????????? 0,239
∗∗∗ 0,315∗∗∗ 0,372∗ 0,233∗∗∗
(0,062) (0,089) (0,167) (0,072)
?????????? 0,686 1,937 0,327
∗ 1,559
(0,237) (0,686) (0,175) (0,630)
??? ???????????????????? ? ???? ??
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???(β)????? ???(β)????? ???(β)????? ???(β)?????
????????? 0,558 0,274
∗∗ 2,767 0,341
(0,267) (0,134) (2,137) (0,202)
????????????????? 0,801
∗∗ 1,026 0,899 0,954
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??????? ?????? ??? ????? ???????????????
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???????????????????? ? ???? ?? ???
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?????????????? 0,08 −0,11 0,47
∗
(0,32) (−0,54) (2,26)











?????? ??? ?????? ?????? 0,15 0,18 0,30(0,91) (1,30) (1,01)
??? ???????????????????? ? ???? ??
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Implementation und Anwendung der multinominalen logistischen Regression mit „fixed effects“?????????????? ??? ????????? ??? ????????????? ???????????? ?????????????????? ??? ?????? ????????
??????? ???? ?????????????
??? ???????? ??? ?????
β???? β???? β????
?????? ??? ??????? ?????? −0,02 −0,11 0,07(−0,12) (−0,71) (0,28)
???????? ? ??? ? ??? ? ???
??????????????????????? ??? ??? ???
χ2????? ??? ??? ??????? ???? ????
?2?? ???? ???? ????
+? p < 0,1? ∗? p < 0,05? ∗∗? p < 0,01? ?? ??????????? ?????????????? ????? ?? ??????? ?????????? ????? ?????
???????? ????? ???????????? ?????????????????? ??????????? ?????????????? ?????????????? ???? ??????????
??? ???????????? ??????????? ????????? ????? ???????????????? ??? ???????? ???????????? ??? ????????
????????????
??????? ?????? ?????? ?? ???????
????????? ???? ???? ????? ??? ?????????????? ??? ????????? ??????? ??? ?????????????? ??
????? ???????????? ??? ????? ??????? ???? ???? ?????? ?????? ??? ????? ????? ??? ???? ?????
??? ???????????????? ?????????? ??????? ???? ???? ?????????????? ??? ???????????
?????? ??? ??? ?????????????? ????? ??????????????????? ?????????? ???????? ?????????
????????? ?????? ??? ?????? ???????? ??????? ???? ??????????? ??? ???????? ????????
??? ??????????????????? ??? ???????? ?????????? ?? ??? ?????????????? ??? ????????? ???
???? ??? ??? ?????????? ??? ????????????????? ???????? ????? ??? ????????? ??? ?????
?????????? ???? ?? ???? ?????? ??? ??????????? ????? ????????? ???????
????????? ?????????? ????? ???? ???? ?????? ????? ??????????? ?????? ?????? ?????????
???? ??? ?????? ?? ????? ??? ??? ?????????? ???? ???????????? ???? ?????????????? ???
??? ??????? ??? ???????????????????? ???? ?????? ??? ??? ????????? ?????????? ??? ??????
?? ???????????? ????? ??? ??????? ?????? ??? ????? ??????? ??? ??? ??????????????? ??
??? ?????? ??? ???????? ??? ??? ????????????? ?? ??? ????????? ????????? ??? ??? ?????
??????? ??? ??? ????????????????? ?? ??? ?????? ??? ?????????? ???? ???????? ??? ????
???? ??? ??? ??? ??? ??? ??? ?????? ????? ????????? ??? ??? ??????? ??? ??? ???????
??? ??? ??? ??? ????? ???????????? ??? ????? ??????? ?? ??? ?????????? ???????? ??????
??? ???????????? ?????????? ????? ?????????? ????? ?????? ????? ??? ??? ???? ???????
?? ??? ??????????? ????????? ???? ??????? ??? ??? ????????????????? ?? ??? ?????? ???
?????????? ???? ???????? ?????? ??? ??????? ??? ??? ??????? ??????????? ?????????
???????????? ??????? ??? ??????? ?? ??? ??????? ???? ??????????? ???????? ?????
??? ??????? ?? ??? ???? ???? ???? ????? ??????????? ???? ???????? ??? ??? ?????? ???
???????? ??? ??? ????????????? ?? ??? ????????? ????????? ?? ??? ??????????????? ??????
??? ??????? ??? ??????? ??? ??? ???? ????? ?????? ???????? ????? ?????????? ???? ???
????? ????? ???? ???? ??????? ?? ??? ?????????? ???????? ???????? ??? ?????????????
????????? ??? ??????? ??? ??? ??? ?? ??? ??????? ??? ??? ??????? ??? ??????? ???
??? ??? ???????
???????????????????? ? ???? ?? ???
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??? ?????? ??? ????????????????? ???? ?????? ???????????? ??? ????????? ??? ????????
??????? ?????? ???? ??? ??????? ??? ??? ??????? ??? ????????? ??? ??????????????????
????? ????? ????? ??? ??? ???????? ??? ?????? ????? ?????? ???? ???? ???????? ???????
????????????? ???????? ????????? ????? ?????? ????? ???? ????? ?? ??? ??????????? ???
??????? ????????? ???? ??? ???????? ?? ??? ???????????????? ??? ??????? ??? ??????? ??? ???
??? ?? ??? ?????? ??? ????????? ??? ???????? ??? ??? ???????????????? ???? ???????
??? ??????? ?? ??? ??????? ??? ???? ????? ?????? ??????? ???? ?? ??? ???????????
???????? ? ???? ???? ????? ?????????? ? ????
??? ??????????? ??? ??????? ??? ?????? ?????? ??? ?? ??????? ??? ???????????? ???? ???? ???
???????? ????????????? ??????????? ??? ??? ??????? ?????? ????? ???? ??? ??? ??????????
??? ????????? ??? ??? ????????? ??? ????????? ??? ?????????????? ?????????? ??? ?????
???????? ????? ??? ?? ?????? ???????????? ???? ???? ? ??? ??????? ???? ??????? ????? ?
??? ?????????? ??? ????????? ??????? ??? ??? ???????? ??? ?????? ?????? ??????????????
??????? ???? ??????????? ??? ??????? ????????????????????????? ??? ?????? ?????? ?????????????


















































? ??? ??????????? ??? ??????? ??? ?????? ?????? ????? ?????????? ??? ???????? ???????? ??? ????????????
??????? ????? ???? ?? ?????? ? ?? ??????? ????
??? ???????????????????? ? ???? ??
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Implementation und Anwendung der multinominalen logistischen Regression mit „fixed effects“?????????????? ??? ????????? ??? ????????????? ???????????? ?????????????????? ??? ?????? ????????
??????? ???? ?????????????
??? ???????? ??? ?????
β???? β???? β????
???????? ?? ???????????????? 0,16
∗∗ −0,19∗ −0,12
(2,73) (−2,39) (−1,11)

















?????? ??? ?????? ?????? 0,35
∗∗∗ 0,03 0,28∗
(4,70) (0,29) (2,30)
?????? ??? ??????? ?????? −0,02 −0,04 0,05(−0,30) (−0,58) (0,53)
???????? ? ??? ? ??? ? ???
?????????????? ?? ??? ?? ??? ?? ???
χ2????? ????? ????? ????????? ???? ????
?2?? ????? ????? ?????
+? p < 0,1? ∗? p < 0,05? ∗∗? p < 0,01? ∗∗∗? p < 0,001? ????? ???????????? ?????????????????? ???????????
??????????????
???? ??? ?????? ????????????? ????? ???? ??? ?????????? ??? ??????? ????????????? ??? ???
??????? ????????? ???? ????? ??? ???????????????????? ????? ??? ???? ??????? ??? ???
??????????????? ?? ??? ?????? ??? ?????????? ???? ???????? ??????????????? ????? ???
????? ??? ??????? ??? ??? ??? ??? ??? ??? ?????? ??? ????? ???????? ??? ??????? ???
??? ??????? ??? ??? ??? ???? ????????? ????? ??? ???? ??? ???????? ???????????
????? ???? ???????? ?? ??? ???????????????? ????????? ??? ??????????? ????????? ???
????? ??? ??????? ??? ??? ??? ??? ??? ??? ?????? ??? ??? ???????? ??? ??????? ??? ???
??????? ??? ??? ??? ??? ???? ???????? ??? ??? ????????????????? ?? ??? ?????? ???
???????? ??? ??? ????????????? ?? ??? ????????? ????????? ??? ???? ????? ?? ?????? ????
??? ?????????? ?????? ???? ??????? ?? ??? ?????????????? ????????? ?????? ????? ???
???? ??????? ??? ??? ????????? ?????????????? ???? ??????? ??? ??? ???????????????
???????????? ?? ??? ?????? ??? ???????? ??? ??? ???????????? ?? ??? ????????? ?????????
????? ??? ????????? ??? ??? ?????? ??????????? ????? ?????? ??????????? ????????????
???????????????????? ? ???? ?? ???
140 GESIS-Schriftenreihe  |  Band 11
Klaus Pforr ????? ?????
????? ????? ??? ???? ???? ???????? ?? ??? ?????? ????????? ????????? ?????? ??? ??????
???? ??? ??? ?????? ???? ??????? ??? ??? ??????? ??? ?????????? ???? ???????? ?? ???
?????? ??? ???????? ??? ??? ??? ???????????? ?? ??? ????????? ?????????? ???? ???? ?????
??? ????? ???????????? ??????????? ????? ???? ??????? ?? ??? ?????? ????????? ?????
?????? ????????????? ??? ?????????? ??? ??????? ????????? ????? ???? ??? ??? ??????
?????? ???? ???? ??? ??????????????? ?????????? ???? ??????? ??? ?????????????????????
???? ???? ??? ??????? ????????? ????????? ??? ??????????? ????????????
??? ?????? ??? ????????????????? ????????? ??? ??? ??? ???????? ??? ?????? ??????
????????? ???????? ??? ????????????? ???????????? ???????? ??? ????????? ????? ????
?????????? ?????? ??? ??????? ??? ??? ????????? ??? ??? ??????? ????? ??? ??? ????
????????? ??? ??????????????? ????? ??????? ??? ???? ????????? ????????? ?????? ??? ???
???????? ??? ??? ?????? ??? ??????? ???? ??????? ?? ????????????? ???????? ?????????
?????? ????? ???? ????? ?? ??? ???????????? ????????? ????? ??? ?????? ???????? ???
???????????? ??? ??? ?????????? ????????? ??? ???? ????????? ??? ????????? ??? ?????????
??????? ??? ???????? ??? ????????????? ???? ??? ?????? ??????? ??? ??? ??????? ?? ?????
???????? ??????
?? ????? ???? ??????????????? ???? ??? ???????? ??? ?????? ?????? ??? ??????? ???
???????? ?????? ??????? ????? ??? ????????????? ????????????????? ???? ??? ????????
?????????? ????? ????? ???????????? ??????? ??? ??????? ???? ???? ???????????? ??? ??
???????? ????????????? ??????? ???? ??? ????????? ??? ????????? ??? ??????????????? ????
?????? ?????????? ???? ????? ??????????? ?????????? ??????? ??? ?????????? ??? ????????
???? ?????? ???? ??? ??? ???????? ??? ??????????????? ????? ?? ????? ???? ???? ?????????
???? ??????? ??????????????? ??? ??? ????????????? ????????? ??? ??? ??? ???????? ???
???????
?? ???????? ??????? ?????? ??????? ???????? ??? ???????? ??????????? ????????? ????
???? ???? ??? ??????? ???? ????????? ???????? ??? ????????? ???????? ??? ??? ?????????
?????? ?? ????? ??????????? ?????? ????????? ??????? ??????? ??????? ???? ??????? ????
?????????? ????????? ???????? ?? ?? ??? ??????????? ?????????? ?????? ??????? ??????????
?????? ??????? ???????? ??????? ??????? ?????? ??????????? ????????? ???????????? ????
??? ????????? ???? ??? ????????? ???????? ?????????????? ????????? ??????? ?? ??????? ???
???? ??? ?????????? ??? ???????????????? ??? ??? ?????????? ????????? ????????????
??????? ???? ????????? ??? ???????????????? ??? ?????? ?????? ??? ?????????? ?????????
??? ??????? ??? ????? ??????????????
β???? β???? β???? β???? β????
?????? ?????????
→ ???????????
−0,64∗∗ −0,15 0,41 −0,07 −0,07
(−2,62) (−0,84) (1,07)(−0,19) (−0,15)
?????? ?????????
→ ???????????????
−0,13 −0,06 −0,42+ 0,06 −0,09
(−1,33) (−0,61) (−1,74) (0,33) (−0,36)
?????? ?????????
→ ????????????? ???????
0,37+ −0,11 −0,11 −0,52 0,54
(1,92) (−0,52) (−0,23)(−1,63) (0,91)
??? ???????????????????? ? ???? ??
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Implementation und Anwendung der multinominalen logistischen Regression mit „fixed effects“?????????????? ??? ????????? ??? ????????????? ???????????? ?????????????????? ??? ?????? ????????
??????? ???? ?????????????
??? ??????? ??? ????? ??????????????
β???? β???? β???? β???? β????
???????????
→ ?????? ?????????
0,09 0,09 −0,47 0,03 −0,09
(0,36) (0,52) (−1,11) (0,08) (−0,17)
???????????
→ ???????????????
0,64∗∗ −0,27+ −0,23 0,59+ −0,19
(2,90) (−1,71) (−0,64) (1,79) (−0,29)
???????????
→ ????????????? ???????
−0,02 0,32+ −0,36 −0,21 −0,37
(−0,13) (1,67) (−0,73)(−0,71) (−0,67)
???????????????
→ ?????? ?????????
−0,14 −0,03 0,56∗ −0,09 −0,55∗
(−1,45) (−0,31) (2,45)(−0,51) (−2,29)
???????????????
→ ???????????
−0,22 0,21 0,71+ 0,04 −0,20
(−1,14) (1,21) (1,88) (0,14) (−0,37)
???????????????
→ ????????????? ???????
−0,06 −0,11 −0,09 0,27∗ 0,17
(−0,95) (−1,37) (−0,38) (2,06) (0,99)
????????????? ???????
→ ?????? ?????????
−0,04 0,19 −0,40 0,67∗ −0,60
(−0,22) (0,89) (−0,77) (2,00) (−1,15)
????????????? ???????
→ ???????????
−0,29+ 0,44∗∗ 0,88∗ −0,14 0,66
(−1,70) (2,69) (1,97)(−0,53) (1,52)
????????????? ???????
→ ???????????????
0,01 −0,09 0,13 −0,41∗∗∗ 0,13
(0,14) (−1,25) (0,58)(−3,34) (0,77)
???????? ?? ????????
?????????
0,16∗∗ −0,12 −0,50∗ −0,05 0,44∗∗
(2,58) (−1,45) (−2,04)(−0,48) (2,94)
???????? ??? ????????
?????????
−0,11+ 0,05 0,10 0,05 −0,29+
(−1,78) (0,63) (0,40) (0,45) (−1,90)
?????????????? 0,39
∗∗∗ 0,31∗∗ 0,30 0,53∗∗∗ 0,27
(4,50) (2,82) (1,38) (4,28) (1,18)
?????????????????? −0,10 0,05 0,25 −0,15 −0,67(−0,90) (0,44) (1,00)(−1,16) (−1,64)
??????????????????
?????????
0,05 −0,02 0,29 0,18∗ 0,14
(0,81) (−0,25) (1,38) (2,03) (1,00)
?????? ???????????? 0,24
∗∗∗ 0,31∗∗∗ 0,42∗ 0,26∗∗ −0,01
(3,73) (4,13) (2,46) (2,65) (−0,06)
????? ???????? 0,16
∗ 0,18+ −0,28 −0,12 −0,30
(2,03) (1,85) (−0,99)(−0,94) (−1,23)
?????? ??? ??????
??????
0,42∗∗∗ 0,08 0,37 0,45∗∗∗ 0,36
(5,45) (0,89) (1,36) (3,59) (1,51)
???????????????????? ? ???? ?? ???
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??????? ???? ?????????????
??? ??????? ??? ????? ??????????????
β???? β???? β???? β???? β????
?????? ??? ???????
??????
−0,01 −0,09 0,54∗∗ 0,07 0,34+





+? p < 0,1? ∗? p < 0,05? ∗∗? p < 0,01? ∗∗∗? p < 0,001? ????? ???????????? ?????????????????? ???????????
??????????????
???????? ?????? ??? ??? ?????? ?????? ?? ????????? ???? ??? ???? ??? ??????????? ??? ???
??????????????????? ???? ????????? ?????? ?? ???????????? ??????????? ??? ?????????????
????? ??? ???? ??? ????????? ??? ????? ??????? ?? ????????? ?? ??? ?????????? ????????
???? ??? ???? ??? ??? ???????????????????????? ???????? ?????? ??????? ??? ????????? ???
???? ????????? ???? ??? ????? ???? ????????? ?????? ????? ????? ?????? ?? ???????????? ???????
?? ???????? ???? ?????? ???? ??? ??????????????????? ???? ??? ?????? ?????????? ????? ???????
??? ??? ???????????? ?????????????? ??? ?????? ??? ???????????????????? ??? ??? ???????
????????? ??? ??? ???? ????? ??????????????? ??????? ???????? ??? ??????????? ??? ????
??? ??? ??? ??? ?????? ????????? ?????????? ????????? ??? ?????????? ???????? ????????
??? ??? ???? ??????? ??? ??? ??????????????? ?? ??? ?????? ??? ?????????? ??? ??????
??? ????? ??????? ????? ????????? ??????? ??? ????????? ??? ??? ??????? ??? ??? ????
???? ?????? ??? ????????? ??? ??? ??? ??????? ????????? ??? ??? ????????? ??? ??? ????????
???????????? ?????? ??? ????? ??????? ?? ??? ?????????? ???????? ??? ????????? ??? ???
??? ??????? ?????? ??? ??? ????????? ??? ??? ???????? ?????? ?????? ???? ???????? ???
??? ??????? ??? ??? ??????????????? ?? ??? ?????? ??? ???????? ??? ????????????? ?? ???
????????? ?????????? ???? ??? ??? ??????? ?? ??? ?????????? ?????????
?????? ???? ???? ???? ??? ?????? ??? ???????????????????? ?????????????? ??????????
????? ??? ???????????? ??????? ???? ???????? ??? ??? ??????????????? ?? ??? ??????
??? ?????????? ??? ??? ???????? ?????? ??? ????? ??? ??? ????????? ????? ?????? ??
??????? ?????????? ?? ??? ?????? ???? ?= ???(0,64)?? ??? ????? ??? ?????? ????? ?????
?????? ?? ??????? ?????? ?? ??? ?????? ???? ??? ????? ??? ??????? ?? ?????? ????? ?????
??????? ????? ?? ??? ?????? ???? ?= 1/ ???(−0,27)?? ??? ????? ??? ??? ????? ????? ?????? ??
??????? ????? ????? ??? ??????? ????? ???? ??? ?? ??? ?????? ????? ????????? ????? ????
??????? ??? ??? ?????? ??? ???????? ??? ??? ????????????? ?? ??? ????????? ?????????
?? ??? ??????????????? ??? ????? ??? ??? ????????? ?????? ?????? ?? ??????? ?? ???
?????? ????? ??? ????? ??? ?????? ????? ????? ?????? ?? ??????? ?????? ?? ??? ???????????
???????????? ????? ??? ????? ??? ??????? ????? ?????? ?????? ?? ??????? ??????????
??? ???????????????????? ? ???? ??
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Implementation und Anwendung der multinominalen logistischen Regression mit „fixed effects“?????????????? ??? ????????? ??? ????????????? ???????????? ?????????????????? ??? ?????? ????????
?? ??? ?????? ????? ??? ??? ????? ??? ??? ????????? ?????? ?????? ?? ??????? ?????
?????????? ?? ??? ?????? ?????
????? ?????? ??????????? ???????????????? ???????? ?? ????? ??? ??? ????? ??? ?????
???????????????? ????? ??? ???? ????? ???? ???? ??????? ??? ??? ??????????????? ?? ???
?????? ??? ???????? ??? ???????????? ?? ??? ????????? ????????? ??? ????? ??? ??? ?????
?????? ?????? ?? ??????? ??????? ?????? ????????? ????? ??? ???? ???????? ??? ??????????
??? ?????? ????????? ?????? ?????? ?? ??????? ?? ??? ?????? ????? ??? ??? ????? ???
??? ????? ????? ?????? ?? ??????? ?????? ?? ??? ?????? ?????
???? ??? ??? ??????? ??? ????????????????? ??????? ?????? ?????????? ??? ??? ???
?????????? ???????? ????????? ??? ??? ???? ????? ??? ???? ???? ??? ???????????????
????? ??? ???????? ?? ??? ???????????????? ?????? ??? ????????? ??? ??? ????????????????????
???? ??? ??? ??? ??? ??????? ??????? ??? ??? ???????? ?? ??? ???????????????? ??????
??? ????????? ??? ??? ??????????????????? ???? ??? ??????? ??? ??? ??? ???????? ?????
?????????? ?????? ??? ??? ????? ????? ?????????? ????????? ?????? ??? ?????????? ????
????? ???? ??? ????????? ??????? ????????????? ??? ????????? ??? ??? ?????? ????????
????? ????????? ????? ????????? ???? ????? ??????????? ?? ??? ???????????? ????? ????
??? ?????????? ???? ???? ??????????? ??????????????? ????? ????????????? ????????
???????? ???? ??? ?????? ???????? ??? ??? ?????? ??? ??????? ?????? ??? ????????? ???
??? ????????????? ????????? ???? ??? ???????? ???????? ???? ????? ?????????? ???? ???
?? ?????????? ??? ?????????? ??? ????????? ??????????? ?????? ????? ??? ??? ??? ???
?????? ??? ???????????????? ????????? ???????? ??? ????? ??????????? ??? ??? ??????????
????????? ?? ??????? ??? ????????? ??? ???????????? ?????? ??? ????? ?????????? ????
??? ?? ??????? ?????????? ?? ??? ?????? ????? ???? ???????? ??? ???????????? ?????? ???
????? ???? ??? ???????? ?????? ????? ????? ?? ?????? ???? ???? ?????? ?????? ?? ???????
?? ?????????? ?? ??? ?????? ????? ????? ?????????? ?????? ???? ??? ???????? ???????
??? ??? ??? ???????? ??????? ????? ??? ???? ???????? ??????? ???? ???????????????? ????
?????? ???? ??????? ???????? ??????? ??????? ???? ???????? ?? ??? ???????????????? ??????
??? ????? ?????? ???????? ????? ????? ?????? ?? ??????? ?????????? ?? ??? ?????? ?????
??? ????????? ????? ??? ????? ?????? ???????? ????? ????? ?? ??????? ??? ???????? ?? ???
???????????????? ?? ??? ?????? ?????
?? ??????? ??????? ????????? ??? ??? ???????? ??? ?????? ?????? ?? ??? ?????????
?????????? ?????????? ????? ??? ??????????? ?????????? ??? ?????????? ?? ????????? ????
??? ?? ??? ?????? ????????????? ???????? ???? ????????? ?????? ?????????? ????????? ????
???? ???????????? ????? ?????? ????????? ????????? ???? ?? ??? ????????? ?????????? ?????
???? ??? ????? ??? ?????????????????? ????????? ??? ??? ????????????? ???? ??? ???? ????
??? ?????????????? ??? ????? ?? ?? ????? ??? ??????????? ?????? ??? ??? ?????????? ???
??? ????????? ????? ???? ??? ???????? ?????? ??? ??? ?????????? ??????? ??? ??????
??????????? ????? ??? ??? ???????? ?????????? ??? ??? ???????????????? ???????????????
????????? ??? ???????????? ??????????? ??? ??? ???? ??? ??? ??????????? ??? ???????
????? ????????? ??? ?????????? ??? ????????? ??? ???????????????? ??? ??? ????? ???
???? ??? ????????? ???? ?? ??????? ??? ???????????? ??? ?????? ???????? ??? ???????? ??
? ??? ?????????? ??? ?????????? ??????? ???? ?? ?????? ? ?? ??????? ??? ?? ??????
???????????????????? ? ???? ?? ???
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Klaus Pforr ????? ?????
????????? ????? ??? ??????? ???? ??????????? ?????? ??? ?????? ??? ?????????????? ???????
???? ?????? ?? ??? ?????????? ?? ????? ????????????? ?????? ?? ??????? ??????? ??????
??? ??????????? ????????????? ???????????????? ??? ??? ????????? ????? ????????????
????? ???????????? ??? ????????? ??? ?????? ???? ??? ?????????????? ??? ?????? ????????
??? ????? ??? ?????????????????? ????? ??? ???????? ?????????? ???????????? ?????
??????? ???? ????????? ??? ???????????????? ??? ?????? ?????? ??? ?????????? ?????????
??? ??????? ??? ????? ??????????????
β???? β???? β???? β???? β????
?????? ?????????
→ ???????????
−0,03 −0,06 −0,00 0,05 0,01
(−0,38) (−0,79) (−0,01) (0,41) (0,06)
?????? ?????????
→ ???????????????
0,08 0,16 0,19 0,08 0,07
(0,72) (1,40) (0,82) (0,44) (0,31)
?????? ?????????
→ ????????????? ???????
0,01 0,05 −0,33 −0,04 0,03
(0,15) (0,65) (−1,39)(−0,25) (0,18)
???????????
→ ?????? ?????????
0,05 0,11 0,08 0,10 −0,06
(0,62) (1,45) (0,52) (0,85) (−0,42)
???????????
→ ???????????????
0,16 0,06 −0,00 −0,42 −0,62∗
(1,06) (0,36) (−0,01)(−1,53) (−2,50)
???????????
→ ????????????? ???????
0,09 −0,03 0,12 −0,42∗ −0,07
(1,01) (−0,38) (0,44)(−2,17) (−0,44)
???????????????
→ ?????? ?????????
−0,08 0,11 −0,28 0,21 0,16
(−0,79) (0,96) (−1,25) (1,30) (0,81)
???????????????
→ ???????????
0,11 −0,07 0,05 −0,37 −0,38
(0,72) (−0,45) (0,15)(−1,45) (−1,38)
???????????????
→ ????????????? ???????
−0,07 0,09 0,23 −0,13 0,02
(−0,52) (0,66) (0,59)(−0,55) (0,07)
????????????? ???????
→ ?????? ?????????
−0,01 −0,21∗∗ 0,10 0,11 0,01
(−0,13) (−2,72) (0,46) (0,83) (0,08)
????????????? ???????
→ ???????????
−0,16∗ 0,02 0,22 −0,24 −0,19
(−2,04) (0,20) (0,84)(−1,33) (−1,25)
????????????? ???????
→ ???????????????
0,03 −0,26∗ −0,31 0,13 0,08
(0,23) (−2,05) (−0,88) (0,66) (0,38)
???????? ?? ????????
?????????
0,10∗∗∗ −0,03 −0,30∗∗∗ 0,24∗∗∗ 0,11∗
(3,43) (−0,91) (−3,95) (4,60) (1,96)
???????? ??? ????????
?????????
−0,10∗ −0,11∗ 0,31∗ −0,11 −0,10
(−2,57) (−2,37) (2,53)(−1,54) (−1,21)
?????????????? 0,55
∗∗∗ 0,43∗∗∗ 0,59∗∗ 0,50∗∗∗ 0,17
(6,95) (4,62) (3,10) (4,65) (1,19)
?????????????????? 0,16
∗ 0,20∗ 0,08 0,20∗ −0,23
(2,05) (2,42) (0,52) (2,28) (−1,51)
?? ??? ???????? ???? ??? ??????? ??? ????????? ????? ????? ????????? ???? ??? ??????????? ??? ?????????
?????? ????? ??????? ???? ??? ?? ?????? ??? ??? ?????? ??? ????????? ???????????
??? ???????????????????? ? ???? ??
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−0,02 0,15∗∗ 0,38∗∗ 0,15∗ 0,00
(−0,50) (3,16) (3,21) (2,15) (0,00)
?????? ???????????? 0,30
∗∗∗ 0,08 0,16 0,13 0,04
(3,50) (0,85) (0,82) (1,18) (0,27)
????? ???????? 0,11 0,12 0,25 0,09 −0,08(1,53) (1,47) (1,21) (0,77) (−0,59)
?????? ??? ??????
??????
0,34∗∗∗ 0,16∗ 0,15 0,31∗∗ −0,13
(5,18) (2,16) (0,79) (2,91) (−1,05)
?????? ??? ???????
??????
−0,05 0,02 0,15 0,07 −0,06
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Implementation und Anwendung der 
multinominalen logistischen Regression 
mit „fixed effects“ 
Klaus Pforr
Fixed-effects-Modelle sind zu einem wichtigen Werkzeug der Kausalanalyse geworden, da sie die Kontrolle von un-
beobachteter Heterogenität ermöglichen. Bis heute wurden fixed-effects-Modelle für kontinuierliche und dichotome 
abhängige Variablen entwickelt und für viele Statistikpakete implementiert. Für multinominale abhängige Variable 
wurde von Chamberlain (1980) ein solches Modell entwickelt, es liegt aber keine allgemein anwendbare Umsetzung 
vor. Die vorliegende Arbeit schließt diese Forschungslücke mit der ersten Umsetzung des Modells von Chamberlain in 
einem weitverbreiteten Statistikpaket (Stata). Die Anwendbarkeit wird durch Erweiterungen der Arbeiten von Schröder 
(2010) im Bereich der Familiensoziologie und Kohler (2005) im Bereich der politischen Soziologie gezeigt.
Fixed effects models have become a prime tool for causal analysis, as they allow to control for unobserved hetero-
geneity. As of today, fixed effects models have been derived and implemented for many statistical software packages 
for continuous, dichotomous and count-data dependent variables. For multinomial categorical dependent variables 
such a model has been derived in a seminal paper by Chamberlain (1980), but no implementation is available. The dis-
sertation on hand closes this research gap by delivering the first implementation of Chamberlain’s model in a widely 
available statistical package (Stata). Its applicability is shown by extending Schröder’s (2010) work in the sociology of 
the family and Kohler’s (2005) work in political sociology.
